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.ABSTRACT ^ 

^ Questionnaires were sent to U.S. high schools 
soliciting inrormation on former students who had earned doctorates. 
The questionnaire provided data on grades, rank in graduating class, 
and mental test scores. The grades were summarized into four 
grade-point averages (GPA"s), one each for English and foreign 
languages, social studies, mathematics, and science. Data oii the 
PhD's (and their classmates) were compared by sex, by type of school, 
by size of graduating "class, and by region of the country. The PhD*s 
were also compared by year of doctorate and by field of 
specialization* Some of the conclusions are as followsi despite the 
massive increase in doctorate production, there has been no 
measurable change in ability level of the Php"s; the 
doctorate-holders are, on the average, one and cne-half standard 
deviations above the mean of the general population in measured 

"ability. A random sample of the girls graduating in the same classes 
as the doctorate-holders scored slightly, lower than their male 
counterparts on standardized tests, but achieved better grades, 
particularly in verbalistic subjects. (A^thor/BB) 
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The^ present study is one of several, including two previous one^ plating 
to high school backgrounds, based upon the Doctorate Records File of the Office 
of Scientific Personnel', this extensive data bank has been the starting-point 
for studies- of current doctorate production, of the baccalaureate origins of 
doctorate-hold<?rs, of the career patterns of doctorate-hoiders o£ vajrious peri- 
ods, of- speciaTizcd groupy of individuals cl':awn from the file, and of plans for 
post-doctoral employment of those culrVntly graduating. An acknowledgement is 
therefore in order with respect to the basic data bank upon whi<iih ^ll of these 
§tudies have been based. . ~ 

The Doctorate Records File began about 1946 with support from the Carnegie 
Corporatipn and the Office of Naval Research, and included science doctorates 
of the period 1936-19^5. It has since been extended, with support from the 
National Science Foundation, the Ford Foundation, and the Office of Education, 
to include all holders of third- level research degrees in all fields from all 
United States universities from 1920 to the present time. From a beginning in 
1946 with fewer than 10,000 entries, it has grown to over 200,000. For each 
-person listed, all earned degrees are noted, with their dates and the institu- ) 
tions granting them. The field of doctorate is also noted for ell casps, and 
field of baccalaureate and master's degrees for some of them, J'or the gradu- 
ates of 195 7 and subse^^uent years, a great deal of additional information has 
been included by means of a questionnaire completed by each doctoral graduate 
just before or at the time of graduation. We are greatly indebted ^fo the 
do^ctorate-hoLders themselves for providing this information, and to the deans 
of ^ the- graduate schools who have diligently collected the questionn^res and 
..forwarded them to the Office of Scientific Personnel for subsequent processing. 
One of" the. items included from 1^957 to the present time has been the high school 
of origin of each doctorate-holder. The two previous studies of high school 
backgrounds* supported by the National Institutes of Health and the Natijonal 
Science Foundation, included the graduates of 1957 and 1958. The presei>t one, 
supported by the National Science Foundation, is much more massxve i.^s co'^- 
erage,*"' and includes the doctoral graduates of the four years l959 through ^2 
incLusivo . 

For each of tne graduates o± the 1959-1962 period who named a United States 
-high school as providing his secondary education, a questionnaire was prepared 
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and Jient^to that high school. These questionnaires provided the school with 
infdnnatibii about the post high kchool Education of their alun^ni who had at- 
tained doctorate degrees ovet th^ period concerned. 

. Each school was asked in return to complete a questionnaire regarding each, 
Of its doctorate- alumni, and also regarding a specified classmate of eac"h doc- 
torate-holder. This study could never have been accomplished excep't for the 
generous and unstinting help given by the high^ school staffs in furnishiij^ this 
information. We are therefore most particularly and directly indebted to the 
nation's high schools for providing the basic information included in this re- 
'port, ^nd are pleased Vo acknowledge this debt, 

I am also indebted to Dr. John A. Creager for the statistical work in- 
volved in the multiple discriminant analysis reported in this study. Many ^ ^ 
others have contributed untold hours to data collection, ceding and checking, 
and computer programming and operation. To all of these, who have provided^ 
the basic information upon which the study is based, I am also indebted*. For 
any deficiencies in concept or ex^utloti, and for all interpretations of the 
results, I must bear responsibility. It' is my hope that this Study may en- 
hance the interest which has been growing in recent years in the earlier edu- 
cation of the nation's most highly-trained manpo\?er, and; that it may lead on 
to further studies in greater depth and scope. Eventually, we may hope,^ an 
integrated picture m^y be obtained of the educational process and of its interr 
relations with the various other aspects of a many-dimensioned society. 




:.indsey R. Harmon 
Director of Research 



August 1965 ' Office of Scientific Personnel 
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■ ^ ; In Brief .r. 

' - ■ y ' 

Ditfing the four-year period 19^9-.1962, 42,105 men, artid , women earned docfiorate 
degrees at' U.S. universities. Of this number 35 , 190 had- graduated from 10,000. 
identifiable U. S, * high schools , out of 25,000 high schools in the UiTlt'&d^Star eS " 
at the time. Questionnaires were, sent to these schools, and- 7456 schools replied, 
•returiving completed (questionnaires on 23,980 BhD's, most>. of them with data a^so 
on randomly-selected classmates. From tTiese returned case^, a rei^resentative 
sample df all IT. S. doctorate-holders was chosen on the basis of regional distri- 
bution, type of school, and size of graduating class, Thi.s analysis sample of 
20,440 doctorate-holders constitutes . the basic group used in the present stufJy, ^ 

\- ' ' • 

The questionnaire provided data on grades, rank in graduating class, and 

mental test scores. The grades were suminarized into four grade-point averages 
(CPA's), one eadh for English and foreign languages, social studies ^ mathematics, 
and science. Through the use 9f data on a representative sample of the class- 
mates 3f PhD.'s, the four GPA's, class rank, and test score dal^ ware converted 
to uniformly scaled standard scores. Data oh the PhD's (and th^ir classmaees) 
were compared by s^efc, by type of school, by sizie of graduating class, and by 
region of the country. Results are shown in a series of tables and graphic 
illustrations. The PhD's were als-o compared by year of doctotate and by/ f^eld . 
of specialization. 'A multivariate discriminant analysis was Nper formed to de- 
termine how extensively the eventual doctorate-hol Jets wer4 differentiated at 
the high, school level in terms of grades, course choi^pes, and test scores, A 
number of conclusions from these researches are briefly stated at the end of 
the report,' with page references to the ^j^t of the report where more extensive^ 
treatment of the question is to be found. 
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CHAPTER I: REVIEW AND PREVIEW 



:..1958 study highlights^ 



The ..study of th^high school backgrounds of the 1958 doctorate-holders 
dcveloiy^d a number of important facts. The mean general ability level, in 
"tenms bVhigh school' test scores, w.r found to be about 1.3 standardNi..ia- 
■tions aboVe^he^nean oi the-general population, equivalent to ,an AGCT score 
;f about 131. The doctorate-holders wore, on the average, about one standard, . 
deviation aboCe 'their classmates in' .eneral high school achievemeht, but there 
was' no melsure of the ability level of these classmates: There wer^ marked 
field diffcre't^ces in ability as measured the high school level by test 
.'•scores, by rank in classy or by .ath-acieace grade point average. Marked 
'geographic differences showed up In the relative frequency of doctorate at- 
tal^^ent, and these differences were somewhat related to fi.ld of eventual 
doctorate. Size of high school graduating class was found to be strongly re- 
lated to the- probability of eventual doctorate attainment, classes 'of rewer 
than 100 being ''below-average in doctorate-attai.^ent rate and classes of over 
100 being above average, bu. with a decreasing advantage as class. size passed 
200 very high productivitf of the largest classes was found to be related 
aob'to size^er^, but the' fact that some of the largest scUols, chiefly in 
New York City, ware also selective on sex and on measured ability. One in- 
teresting fact relating hi.h school environment to p,roduptivity was also dis- 
•covered- • on a state-by - state basis, and ignoring individual school variations 
' within states, there is a positive relation between school retention rate 

through' the 12th grade and eventual doctorate attUnment rate. That is, those ^ 
•states with the fewest drop-outs we.e also _the states which sent the highest ^ 
proportion of their h.gh school graduates on t6 the doctorate. High school 
. graduation did not, therefore, acu as an ability screen, but rather the re- 
verse- the coarser the screen, the finer the results. Finally, it was found 
that the patterns of ability, .of courses taken and avoided, and of math and 
science achievement; were sufficiently different for people in the five gen- 
eral field^ of doctorate (physical sciences, bio-sciences, social sciences, 
' arts, and education) that it was possible to sort about 40% of them i^to-their 
eventual doctorate fields solely on the basis of the high school background in- 
formation. Chance alone would have permitted a 20% success in predicting Even- 
tual field, so this inlorma.ion represented significant gain, showing in 



- 2 - 

quantitative faahion t^at "as thet tyig is bent, so the tree is inclinted," It 
left open, of course, what caused the twig to be bent. 



' ...new study: alms and limits 

V These results, important as they might be, left as many questions as they 
answered/ The present study, through the gathering of more ens ive informa- 
tion and the Refinement of experimental design, seeks' to answer some of these. 
The questions which will be' examined in the present report have to do with the 
capabilities and achievements of the doctorate-holders and their classmates. 
In the course of data collection for th^s s'tudy , additional information was 
'fathered relating to the high schools themselves, which should permit irt the 
future a more searching examination of the conditions in the high schools which 
are related to doctorate production, and perhaps to eventual field of doctorate. 
Only a Brief look at these factors will be possible, however, within the limits 
of the current study. . . ^ 

Some of the questions arising, from the study of the 1958 doctorate-holders, 
and from other sources, are spelled out in the paragraphs that follow,/ The gen- 
eral outlin(^ of the current study, its problems and methodologies, will then be 
described, and following that, the more detailed description of results, and 
final conclusions. 

V 

, , . the ability pool: dropping? 4 

The output of doctorates by United States universities ha^s climbed pre- 
cipitously in recent years, from about 9350 in 1959 to 13,500 in 1963--an in- ^ 
crease of UU% in four years. This has raised the question of where the talent 
can come from, if such a rate of increase is to be maintained. Must ability 
drop as numbers increase? The 1958 study had shown that of the. students in 
the upper 2.57o of the ability spectrum (4-2cr from the mean), only about one in 
20 attains the doctorate. This would of course allow for a great increase in 
numbers without quality dilutj.on. But what in fact had. happened over the four- 
^ year period 1959-1962? Was the proportion of people in this ability range who 
attain the doctorate increasing or decreasing? Was the average ability level 
changing? The present study should provide some answetg^. 
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> ^ . ^ ^ .•.fi^&ld patterns? 

Patterns of ability at the high achocyl level had shown a relation to even- 
.tual doctorate field. With more extensive data, particul^arly ' in the fields of 
languages a^id social studies, could tj^he differentiation of the five general doc- 
torate fields bo Increased? Were there Important se^dlf f erences in these abll*- 
• ity patterns? ^ ' 

. . *vhat of peers? 

The 1958 study showed how superior the doctorate-holders were to their * 
• classmates', but did' not teU about the ability erf these classmates. Could the 
new study provide some information on this score, and thus give a soundier basis 
for statements about the doctorate-holders^ And Just what, if any, were the 
differences between the classmates of people who eventually attained doptotates 
in different fields? ^ 

.double harness, help or handicap? 

The 1958 study had shown sex differences in ability of doctorate-holders, 
with field held constant. Would these be confirmed? And what differences 
might be related to other characteristics, such as marital status at the time 
of the doctorate? -Could ability patterns correlated with these factors furnish 
clue$ to a generalized statement of the relationship pf aptitudes, opportunities, 
and eventual doctorate attainment? 

.•.data trfass up 8007a 

'Satisfactory answers to all these questions required a much more massive 
\ 

undertaking than that Involving the 1958 doctorate-holders. For one things a 
series of doctorate years was necessary In order to study time trends. ' It was 
also necessary to collect qualitatively different data, including grades earned 
in English, foreign Uanguagea, and social studies, rather than in math and science 
only, in order to get a broad-gauge picture of the whole achievement spectrum. 
It was also necessary to gather/^ata somehow regarding the classmates of the 
doctoratfe-holder^s , if there was to^;-be any evaluation of their significance. 
These considerations led to the geneiral design of the present study, which is 
sketched below. ' r^'^ 



...H. S. origins J two schools in five,;; 
. ) ^ ■ . • • ■ 

By the fall of 1963 t'here were available the^ctorate graduates of the 
four ypara following thfr 1958 group, which had been" previously studied. This 
would provide a sufficiently massive base for both time trends and investiga- 
tlon of the relatively amall fields which could not be reliably examined on 
one.year's output alone. Altogether In the four-yea/ period 1959-1962 there ' 
were 42.105 people who received doctorate degrees from United States universi-' 
ties. About one out of seven of these had had his secondary education outside 
the United States, however, leaving about 36.000 from United States highr schools. 
Hot all of these high schools could be Identified, but tentative ld^^ntif ication 
was made of almost exactly' ID .000 high schools which Were the drlgin of 35.190 
doctorate-holders from this four-year period. "(There were in addition about 
15.000 U.S. high schools who had no alumni among the doctftrate-holders of this 
period*) x 

To each of these 10,000 high schools it was decided to send questionnaires 
regarding its alumni among 'the 1959^62 doctorates. This would provide the base 
data' for the study. To furnish classmate data ^or comparative purposes and to 
provide a normative frame against which to measure the doctorate-holders, it ■ 
was decided to ask the school, to furnish" transcript data and test scores also 
for a classmate for each doctorate-holder. To insure that; as nearly as possible, 
such classmates would" form a representative' group^ and also to keep the task 
(already enormous for the schools) to a minimum, the decision was made to ask 
for data regarding the classmate al phabetically next after the doctorate-holder . 
In most schools data on alumni- are filed alphabetically, either by year or in 
a single alpha file for all graduation years. 

..."You are to be congratulated..." 

I As partial compensation to the schools for the effort^we were asking ^of them, 
it was decided to furnish to each school as much information about its graduates 
as possible, and to provide comparative data also, by which the school might 
assess its standing among pther^chools in the state, and, in the case of the 
leading schools, in the United States as a whole. Accordingly, each school was 
given a roster of all its doctorate alumni in our records, for. 195 7 and 1958, as 
well as 1959-62. The number of such doctorate alumni was compared with the 
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corresponding numbers from all the otber schools in the state, and • tha-.school' s 
rank order given. There was in this information no indication of relative rate ■ 
of productivity; that is, the size or nature of the school was not taken into 
account. It was felt that each school might best account for such factors for . 
itself, in relation to the' other schools in the area. In addition to this, each 
city school superintendent was sent a list of all the schools in his city that 
wire included in our study, with a tally of the number of doctorate alumni from 
each, and the schools' rank orders within the state and within the U.S. where 
appropriate. It was found th,at the schools, and frequently the local newspapers 
were very interested in this information. 

The questionnaires sent out to the schools with- their doctorate alumni rog- 
ter and other information were pre-printed forms upon wh,ich the name of the 
doctorate-holder, his high school name and date of graduation, and fields, years, 
and institutions of baccalaureate and doctorate degrees, were printed out by 
computer. Each questionnaire form aslJfed for grades in all courses taken, and ^ 
also for test scores and rank in graduating class. Additional information was 
sought on the ^^;ifc&I:ionnaire, and where appropriate from the city school super- 
intendent, regarding the school itself and the community which it served. This 
information, not included in the present study, is available for later examina- 
tion in order to answer questions about the school conditions related to doctorati^ 
productivity. 

...three go out; two come back. 

' In all, the, response rate Lo Lhis questionnaire study was very satisfactory, 
; although not up to the. Level experienced in the study of the 1958 doctorates. In 
that study, a 91% response rate was attained. In the current study, the response 
rate dropped to 687o, largely because the very volume of information requested was 
* beyond the capacity o^ some of the schools to supply. This was particularly 
true of some of the largest and most productive schools • The manner of compen- 
sating for less than L007o response rate is described a little later in this re- 
port. Suffice it to say here that it was found possible to draw from the 68% 
of cases- upon whom information was furnished by the 7458 responding schools, 
sufficient data to make a report without apparent bias due to the failure of 
complete response. 

13 
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CHAPTER II: METHODOLOGICAL CONSIDERATIONS 

To permit an advance over the study of the 1958 doctorate-holders, it 
was planned to set up a more rigid frame of reference for the current study, 
tied more closely to general parameters derived from the base doctorate popula- ^ 
tion and from the general population; Two procedures were employed to this end. 
The first involved selection from the questionnaire returnees of a sample that 
would be more representative of the base population than was the raw total of 
all returnees. The second procedure involved setting u]f) a normative base de- 
rived from the classmates of the doctorate-holders and from a measurement of 
the extent of the deviation of this classmate group from the general population. 

, , ,to check on bias 

Whatever the return rate, whether above 90% as in the 1958 study or below 
707a riii in the current study, it could not be assumed that the returns were 
equally representative of all sections of the whole doctorate population, A 
high response rate, as in the earlier study, reduces the area of possible bias, 
but does not eliminate it, A response rate of 687o strongly suggests the ad- 
visability of a careful check of response bias, < 

,,,no shrinking violets" here - 
\ . • 

One fortunate fact in a study such as th^s one is that the response is from 
schools, not individuals. Individual characteristics are therefore not reflected 
directly in the response rate, as is frequently the case. We are free of the 
bias which results because a given individual does not feel that his own results 
count, a bias that in other studies tends to selectively diminish return rates 
from the l^ss successful, or those who consider themselves less successful. 
School policy variations, or variations in the resources needed by the^schools 
in order for them to prepare^ the returns, tend to affect results seriously. It 
is therefore necessary to set up criteria which would reflect school character- 
istics but ignore individual characteristics, in order to trim out from the raw 
returns a sample that wojald be reasonably representative of the whole doctorate 
population. 

...planing off the bumps 

The method of samp le- t rimming used was as follows: a three-dimensional 
table was set up on the basis of the school characteristics of that portion of 

' 1^ 
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the whole 1959-1962 doctorate population which came from United States high 
schools. The 'three dimensions of the table were geographic region, type of 
high scho'olj and graduating class size, all parameters available from, the ori- 
ginal Doctorate Survey. There are nine geographic regions , three school types 
(public, ^denominational, independeat) and eight class-size categories. These 
three dimensions yielded a table with 216 cells (9x3x3=-- 216), The VX^" 
portion of the whole doctorate population in each or. these 216 cells w^s de^ 
termined, and formed the basis for elimination of cases in cells with dispro- 
portionately • higl\ return rates. It was estimated that if no ceil had more than 
60% of the number in the base populatioa for thac cell , the resulting total ac- 
cumulation frgm all ceils would be reasonably representative; few cells would be 
seriously under-represented -£fad the analysis sample v/ould still be large enough 
for reliable results. Accordingly, ''excess" cases beyond this 607o qupta were 
eliminated by a random process from each cell. The necessary random numbers,, 
were determined by reading in reverse order che middle" four digits of a six-- 
digit alpha- serial number, This process could not, of course , ''build up numbers 
in the "deficient" cells, but it could reduce the nuiirber of cells with signifi- 
cant deficiencies. As it turned out, the analysis sample was reduced by this 
process from^ 23,980 cases to 20,^V40, and only 51 cells out of the 2i 6 v/ere de- 
ficient, by a total of ^'"^0 cases-- less tn/ia one tenth of one percent, 

...a minimax solution 

The deficient cclLs t.n\ded to be. conceutraued in the schools of smallest"'^' 
class size, but were nor. iimitecl to this ^roup . Tlie solution found by this 
step was near-optiiUri ! , in that f u r Lb.er [U uning to eliminate other deficiencies 
would cut down too far ovi th-,^ t'^cal nuia!)or of cases reaiaining for analysis. 
Although the total nitrahcr ci ^0, ^40 Is very large, in some of the field brea&f- 
outSj or for combiua t i ')n bruak-outs i.\f. VvLioLi:^ sorts, this would not leave very 
large numbers in soiuu oi the: ' '.\s ' p.jpul.oLi:^ categories. It was therefore de- 
cided to go ahead wi th tiir wo "k^r\;-; ;;aii)ple thus provided, fippendix A provides 
a three- fold table shov/ing the .lis t vif)i) cion of the working saraple by region, 
by school typ e , and by s i j o r g r a dun ting c J a s s . 

The second prohu.^in conc:e ri\t.^i 
normative frame within which further 



. , .a ieveJ base- line needed 

5.: so ol the c la s siua to data to es tab 1 ish a 
lalyses could be macTe of patterns o"t data 



concerning either the classmates or the doctorate-holders. Six quantitative 
measures, described in the following chapter, were available. Not all of them 
were available on every case, for a variety of reasons. The six variables are: 
grade point averages in the four sub^ject -matter areas of English and foreign 
languages, social studies, mathematics, and science; normalized rank in class; 
and intelligence test score. The desideratum from the standpoint of statistical 
analysis is that there be a scale system sufficiently consistent linking these 
six variables so that patterns of ability on them may become apparent. A given 
scale value s'hould have the same normative interpretation from one variable to 
another so that any patterns that show up may relate to the nature of the vari- 
able rather than be an artifact of the scale system. The idealized average ■ 
person woulfl, on such a set of scales, have a perfectly- flat- prof ile . 

% 




The. scale system used here l^as the standard score scale familiar to psycho- 
metricians for a generation. The average score is 50, the standard deviation^! 
10^ The normal range of scores on such a^scale is from about 20 to about 80; 
only a few extreme deviates will have scores beyond this range. In the present 
study, which d^eals with a highly-selected population, scores up to 85 will be 
expected to occur occasionally. The top score was therefore set at 85; the low 
end of the scale will not be of serious concern here. It might be mentioned in 
passing that this is essentially the same scale used in reporting the results 
on the 1958 doctorate group: The AGCT scale is exactly this scale multiplied, 
by 2. • • ' 

select and calibrate 

In brief, the scaling technique involves selection of a spaj^le from the 
classmate group that would be as representative as possible 0 the whole set 
of classes from which the doctorate-holders came, and then^omputation of the 
mean and standard deviation of each of the six variables to provide a base for 
the calibration of the standard score -iscale . 



.nortnal^=^^il^o- in each' decile 



One of the six measure^^available on most of the doctorate arid classmate 
cases wa5 tank in graduating class. The procedure for obtaining the classmate 
sample w^s designed to make this group as '^nearly 'representative as possible. 
This Ida^l" was not quite achieved^ hov/ever. When \he percentiles were computed 
and tabuletecl,^t was found chat the sample was slightly weighted toward the 
higher deciles .^vSonj^ schools had either not reported the classmates when they 
turned out to be very poor students, or had substituted someone with higher 
grades, ^o correct this imbalance, a procedure analogous to that employed on 
the doctofate siimple was used. The classmates were distributed by region and 
by decile withiu region, and cases trimmed from eaQh region~by-declle cell un- 
til a balanced total was obtained for the United States^"^^ a whole. "Balanced** 
here me^ns^that the distributions were symmetrical, with as many above as below 
average. There remained, however, \a minor piling up in the middle deciles, and 
thinning out of the extremes. The net effect of this abnormality (a mild lep- 
tokurto^s) is shown in a reduction of the standard deviation of the normalized^ 
rank in class from "the theoretical 10-0 to 9,7, It was not possible to achieve 
a balanced distribution for each region, although no serio.us regional imbalances 
remained. The final result, an terms of a> decile-by-region table, is shown in 
Appendijc B, , / ^ 

...profile flat within .01 cr 

Once the standard classmate sample was selected, the construction of the 
standard score scales was relatively straightforward. The mean and standard 
deviation of the standard saiapie was computed for each vaj'lable, and all means 
adjusted to the mean test score, as the intelligence tes.t Imeasure furnished- 
the only link to the general population parameters, It was assumed that the* 
original test standardization was properly done and that the conversion table 
used in this study and with the 195S doccorates was adequate. On the test 
score v^jrtable> the standard classmate sample had a mean standard score of 
56.77, The means on the five achievement variables v;ere therefore adjusted 
to this standard by adding 5.6' to the normalized rank, 1.0 to the mathematics 
GPA, and subtracting 2.0 from the social studies GPA . The result was a base- 
line of the six variables which did not deviate mo re-^ than 0.1 from the average 
of the six. This was sufficiently acv urate for the purposes of the present 
study. 
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...aim: six uniform measuring' sticks 
For analytical work involving particularly a deviate group sucb aS the doc- 
torate-holders, it is necessary to erect on this flat 'base-line a set of scales 
with approximately equal scalar units. This was done by consideration of the stan- 
dard deviations, of the classmate sample on the six variables, which, with Corrected 
means, were as follows: ' 1 



GPA 1 GPA 2 GPA 3 CPA 4 Normalized Test 
^ Languages Soc. St. Math Science Rank Score 

Corrected mean 55.7 55.7 55.6 55.8 55.7 55.8 

Standard deviation 16.3 16.8 - 18.6 17.5 9.7 9.3 

The conversion from the original GPA scores to the standard scores is accomplished 
by the formula: 

10 (x - c) . 

Standard Score ^^l + c 

• cr 

where x = a given original GPA score 

c = the corrected classmate mean for that GPA 
* cr = the original standard deviation 

As a practical measure to facilitate conversi^on of the comp"uter-pro<iuced data, which 
Were in terms of the original variables, a set%f conversio"^ scales was constructed; 
these tables are given in Appendix C Only ^the GPA's, which Vere set up within 
■ this study by operational definitions determined for this study, need such correc- 
tion;' the normalized^ rank and test score variables were used as found, eXCept for 
the addition of 5.6 to normalized rank to equate it with the test score variable. 
The result of these operations is a set of scales by which deviations from a the- 
oretical general population base -(that of the test standardization) may be measured 
in units based on the spread o^ability within a representative saiople of the class- 
mates of the doctorate-holderp^ While far from perfect, these scales Will suffice 
to show up patterns of ability where such patterns are pronounced enough to have 
any practical significance. 
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• . ' CHAPTER 111 / PROCEDURES AND VARIABLES 

, . / 

The first portion of this chapter describes the procedures that were used in 
the mail-out of the data, and' its processing on return. Tne last portion describes 
and defines the variables useci in the remainder of this Report. 

' - ■ • ■,• I 

/...questionnaire pre-tested 
The first step in the data-coHection procedure was to send to a group of 
high scho.bl principals who^ad cooperated in the study of the 1958 doctorates a 
draft copy of the procedures to be used, and draft copies of the questionnaire 
to be employed, referring to their 1958 doctorate alifhini, with a'request that ^X^^ 
they try it out, and comment critically on its practicality. .On the b^sis of 
their comnientSj some changes were made in the form -and procedures, and the ques- 
tionnaires sent for printing. 

J - ...an IBM school directory 

In 1952 the U.S. Office of Education published its. first complete Directory 
of. Secondary Day Schools iu the United States.* An earlier directory, published 
in 1949, was somewhat short of complete. The IBM cards used tn the preparation of 
the 1951-52 directory were securedj and provided the basic data for the later oper- 
ations of assigning school identification niombers, printing address labels, and 
'printing oat a roster suitable for the coding procedure. Most of the PhD* s in the 
present study had graduated from high school before 1950, and the schools of al- 
most all of them could be identified in the 195 1-52 directory . Where errors in 
identification were made, they were frequently corrected when the forms were re- 
turned by the high schools as not belonging to them. In a few cases it was not 
possible to identify the high school of origin; this was a negligible source of 
loss in the present study, hovever- 

, , ,a computer process 
The identif icat iovi of the high c^chool of origin of each doctorate-holder was 
established^ by me^s of the questionaaire whiph he had completed at the time of 
his doctorate graduation. This also provided the date of high school graduajtion , 
This information, plus his year and place of birth, as- well as the institution, 
date, and fi^ld of his bachelor* s and doctor's degrees, were extracted by com- 
puter processes from the Doctorate Records File of the dffice of Scientific 
Personnel for print-out on prepared forms to be sent to the high schools. To do 
this, however, the records had to be assembled by high school of origin. In order 

- 1 1. - 

1^ 



• ' • - 12 - , , 

P 

to\provide irank within State (for those with five or more doctorate alumni) and, 
rank in the nation (for those with ten or more doctorate graduates), the data 
then had to be analyz^'^ statistlcal'ly . Th^-assembly of each school' s .alumni in-, 
vo^ived a coding process iti which a four-digit school code humber was assigned to 
each high school which, together with the two-digit state identification 'used 
throughout the Dgctot^t^ Records operation, provided a unique code number for 
each "school. The first digit of the state code identifies the state's general , 

♦ u ■ • ' ' 

geographic region. _ . . 

...the mail-out packet 
When the compute): Operation was completed, it was found that , in all, 35,190 
questionnaires were mailed out to almost exactly 10,000 high schools out of the 
25,000 in the United States in 1952. A cover Utter adapted to the number of 
doctorate alumni from e3ch school was sent out with the questionnaire, together 
with a printed roster of its doctorate alumni and information- on rank of the 
school in. the state ^nd nation where appropriate. Each school was also sent re- 
prints of the previous repOtt5 based on the study of the 1958 doctorate-holders 
so that they might s&e what results had been achieved from the previous study, 
and how the data would be used in the current study. To each state champion'' 
high school (the one With the largest number of doctorate alumni in the state) , 
and to each school with over 100 doctorate alumni, a special letter was 'sent. 
. These schools were also sent a copy of NAS-NRC Publication 1142, "Doctorate Pro- 
duction in U,S. Universities, 19^0-1962. A copy of this book was also sent to 
each of the l,%rge-city school superintendents. It was felt that the information 
in this book would ba of pacticular value to the educational systems which were the 
major secondary- school sources of theseSdoctorate-hol ders , and to their students. 
It was also hoped that this book might serve as a minor recompense for the extra 
effort required of thes^ Urg^r schools, A sample of the questionnaire used, of 
the cover letter employed, ^nd of the information sheet sent to each school re- 

garding its doctorate ^iluinni is included in Appendix D. 

-A 

. , . fol low-up 

Although i-t-rha^ oiriginally been planned to mail out the quest^-onnaires in 
✓ early Octol^er, the dat^-pjrocesssing requirements delayed mail-out until late 
November 1963. Replies eam^ in over the succeeding months, and some even in tlie 
following summer and f^U. As they were received, they were tallied on a roster 
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of all schools invoLyed in the mail-out, 1.1: becaine apparent from this tally and 
from letters received in reply that returns were best from the middle-sized schools, 
poorest from the schools with one doctorate aliuninus only, and deficient also from 
the largest schools^ In tha spriug of 1964; a follow-up letter vas iient to all 
non-respondent schools witn more than one graduate in the 1959-62 doctorate group^ 
followed in the fall by a similar /^Efort i:or the schools with one graduate only. 
Special efforts ^as se€:rned appropriate were made in the big cities with small re- 
sponse from some of the largest school/'s., The:?e efforts la part redressed the Im- 
balfence in response rates from schools of various si,zes and types, *but, as notnd 
in the chapter on methodology, further triotning*' of the ^r^^onse samprle was ne- 
cessary before data dialysis could begin, « ' s , 

^ ...jlog iiTj — %| codTTl — »| ch eck] — • punCh^] *{j^^P^^^j"""'"H^5^ 

Some of the schools repl ied by cranscriblng the stddentr/ data' to tne ques- 
tionnaire forms that had been sent; others sent photo- transcripts • In the case 
of the latter, the necessai7 transcrlpti^j^was made in the Office of Scientific 
Personnel, so that al]. data would be in uni Form format for further data processing. 
Each form was then coded, ond i-he coding checked by a second coder to insure maxi- 
mum accuracy, Thi.s infonuation, as ir-ay be seen by examination of the questionnaire 
form in Appendix D, includes noi: only uhc-: individual's grades i.n the various sub-- 
jects, but also iiif orr.iai: ion abouL tho scbocl and the conimunity. In the case of 
the large cities , the schools '.vcm^u In^a ructect to omit this inf ortaation it was 
sought directly from the oil ice of the superintendent, to save transcribing it 
to each individual form. Some of ciuo superintendents did not respOnd to this 
inquiry- the data regarding scaoci'; i.::; Lharefoie s ti 1 1 * incomp let e and is not in- 
cluded in this report. At . •:irit:i\ - ly .small expense, it is believed, it could be 
'completed and a furthL>r sculI;/ oi nh*e inter-relations or Indivi.duaL data, 

school operating conditions, aiid r^^lative productivity, using the data from the 
U.S.O.E, Directory c^irds :.s basc' l_or computing number of doctorates per 100 



graduates, etc. 



. , , four GPA' s computed 



The school syijject:- a're groLipccl on Lht-. questi^naaxre form into five subject-^ 
matter areas: E^nglish, foreign languages, social studies, mathematics, and science 
Although grades in each individ.ial 'jubjoct could be studied if desired, it seenied 
more logical to group th'-.r i.aLo ger..;)\:i areas and commute grade point average 
for each area, to reduce th*j; coii\p j -y. 1 L / cf the data and increase reliability of the 
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results^ Because a great many students did not have any fofeigh* language, and 

because it is to be expected that the cori:elation between foreign language grades 

and English grades is substantial, all langua'ge grades were combined into a single 

grade point average (GPA) . Similarly, all social studies were grouped^ i^o a 

social studies GPA, and CPA's compu^ted' also for math and for science- -fou^Hft ^ 

atl, "The computation of CPA's was done t?4 computer after the information had J 

been coded, punched, and transferred to a" tftagnetic tape record. The original 

' coding, however, was done by hand according to the' following- scheme, in^f^ich 

letter grades (or numerical grades where they were used) were transcrib4d to a 

' uniform base' • i*? 

I . . ■ • > 

Code Scale Letter Grade Numerical Grade 

\^ A tf 93 + 

a AB, A-, B+ " ^ 89-92 

7 B 85-88 

6 BC, G+ 82-84 

5 ' C 78t81 . 

4 CD, C-, IH- 74-77 

3 . D . 70-73 " 

2 DF, D- 65-69 

1 F Below 65 

Where schools usjad-^a numeric grading system different from the above, they ' 
were asked (see bottom of the questionnaire form) to state what it is, so that 
proper account could be taken of the variation. It was, of course, impossible 
to take into account the school variations in the meaning of an A or B'or C in 
a given course; as will be seen in the next two chapters, there were school dif- 
' ferences in gra-::i-ag standards. By using the uniform code scale shown above, it 
is possible from the present data to make studies of^the quantitative differences 
among schools and various categories of schools in the grading systems employed. 
The CPA's as they stand must reflect the local grading requirements, however. 

^ ' ...from percenti^le to standard score 

Each school was asked to indicate the rank of each student, doctorate-holder 
and classmate, among the other members of his graduating class. In some cases, 
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only a decile or quintile-or quartile standing was indicated. In most cases, how- 
ever, the, number of students in the class^ and the graduate's relative^ rank were 
indicated. This informati\pn was fed inU» ,tlie computer , and. a percentile rank 
computed* It was theiWtransf ormed^ by a table look-up program, into a normal-^ ^ 
ized rank'* score, using the standard tables relating the percentile position to. 
standard score in a normal 'distribution with a mean of 50 and standard deviation 
of 10. This normalized rank .score is, of course, clos-ely correlated with the. 
average of the iour CPA's, but has merits the GPA' s do hot possess, as described 
in the chapter on ^i-thadplogy . 

'inally, the schools were asked to provide information on standardized in- 
gence tests. There are of course a very large number ofy^uxh tests- in use, 
and there is no cross-- standardized system to relate an IQ on one test with an IQ 
on another. In the absence of such a national standardization system, all data ' 
that could be collected regarding variations in the statistical meaning and in- 
te^retation of the various tests was assembled, and used to cast all of them 
into, a uniform framework, u^ing the standard score system with a mean of 50 and 
standard deviation of 10. The scaling sys^tciu used was the same as that used pre- 
viou^ly in the analysis of the 195 7 and 1958 data, A copy^is in Appendix E. No 
claim c^^^e made, as to the degree of its accuracy; its uniformity insures that 
there will be comparability of data across any groups compared by means of this 
transformation chare; because of the essentially random nature of geographic 
spread 6T~the various tests,' and the fact chat all tests are used in all types 
of schools and for all eventual categories of doctorate-holders, no bias ;could 
be introduced into the final results by any imperfections which may exist in the 
test coding chart as iL stands. 



4 



CH^LPTER IV CLASSMATES AS A NORMATIVE yiASE 

. The general procedure for use of the classmate cases 4s a r\orftiative base 
for the further ^study of the doctorate-holdars has been explained in Chapter 
The present chapter- elaborates somewhat further on* the data from the classmate 
group and the implications of the patterns found there, ^ ^ 

...snap course, tpugh course 
The first point^worthy of note is the pattern on the original uncorrected 
CPA's that required a correction: to the mean scores. The social studies GPA was 
two standaVd score^points above the general .average; the mathematics GPA was one 
point below thie general average.' This represents variati^oas in grading stancf|^rfls 
in the courses involved', and could be briefly stated, ' perhaps in' oversimplified 
form, in the terms 'the students might use: "social studies j.s a snap; math is 
tough'*. There are of course tremendous variations from school to schoQl and with- 
in schools from course to. course or tjeacher to' teacher; the results here are mere- 
ly the over-all summary from thousands of schools across the whole country. It 
wo^ld be possible, but seems unnecessary for the pre^^nt purposes, to sort the 
data out further into individual courses involved in the various GP/^' s^,^ and tabu- 
late ability levels, as measured by the standardized tests, for those who took 
^the courses. It \night well be found that the students who took several mathe- 
matics courses, for example, were more able than the students who had several 
social studies courses; this would, if found,, indicate that an even further cor- 
rection would be in order. In this manner, it might be possible to learn a great 
deal more from the present data about the ?cha^racteristic variations among courses 
and school grading standards in the United States, always keeping in mind that 
the present sample is not representative of all schools, but only those schc^ols 
which were the origin of , dpctorate-hoLders . 

... the sexes differ in achievement 
Among the results that are of interest in themselves, apart from what they 
contribute to the study of doctorate-holders, are ^^indings regarding sex differences 
in high school achievement and test score. The data given be^ow are in terms of 
corrected standard scores,- for boys and girls' among the classmates, and indicate 
the number of boys and girls in each group, and the percentage of the total group 
upon whom each GPA was computed. 
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Number of Cases and" Corrected Mean Standard Scores on Six Variables 
By Sex, for the Classmates of Doctorate-Holders 





GPA I ' 


GPA 2 


GPA 3 


GPA 4 


Nora'alized 


Te.st 




Language 


•Soc.St. 


. Itoth 


Science 


Rank 


Score 


Mean pf Girls 


58.4 


56, b . 


5^,8 • 


56.9 


p / .4- 


J? '4- . J 


Mean of Boys^**^ 


53.6 


54,i>» 


54.7 . 


55-0. 


.5^.4 , 


s 56.5 


Numte^ of Girls 


4776 ' 


4 765 


4292 


4544 


4780 


■ 3418 - 


Number of , Boys 


' 6042 


60L2 


5 799 


• 585 7 


6051 


• 4283 


Percent 


99.91 


99.68 


89.79 


95.06 


100.0 


71.50 


Percent /Boys . 


99 ,84 


99.35 


95.8,2 


96.79 


100.0 


70 . 78 



The above table shows rather dramatically the aov familiar fact that girls 
tend Lu be superior in verbal performance, whtle boys compete on more nearly 
equal terms in math, science, and social studies^ The difference in rate of 
occurrence of math and science CPA's is significant also. Practically all stu- 
"dents, boys and girls, have CPA's in languages and social studies, presumably 
because at least some courses in these subject areas are universal requirements. 
Not so with mathematics., One girl i.u 10 has no math courses, and one i.a 20 no 
science courses, while :miong the boys C:hese ratios are one in 24 and one in 31, 
respectively. 

...boys' schools, girls' schools 
In Table I above-, i:he boys :)>:e superior ia measured intelligence and the 
girls in nomialized rank. This is in part due to variations in school type, and 
selectivity, which will bt- du iil wit\i lu greater detail later. That is, boys are 
m<jvi;e likely to be sent to sp I'cia 1 l^.uid , selective schools, and;t:ho graduates of 
these schools, in pari bt-.cau. i.hey Ire hoys, are more likely to attaia doctorate 
degrees, 'Conscqueiu iy , the :^chooLs i com which they graduate are more heavily ^ 
sampled in the present study wil.h the tusnU: that, although the present cases 
are randomly 'selected Lrom imon^^ their classmates, thuy are differentially rep- 
resentative of schoois vith the indicated selective admissions policies. It 
seems probable, however, that (he. observed sex differences are also due in large 
meas-ure to the fact that gtiMs lead to perfonii lu the classroom in ways more likely 
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to earn* good grades in the typical high school. Boys are less conforming and 
docile, and are in greater measure punished for these deviations with lowered 
grades. 

. . .more boys drop out . 

The effects of differential drop-out rates are 'apt directly apparent in the 
data of the present srt:udy. In general, boys are more likely to drop out before 
completing high school than are girls, a>nd it is tor the most part the less able 
ones who drop out . This would produce a higher mean measured intelligence for 
high school graduate boys than girls. However, in the present, study, we have 
found more boys than girls among the classmates, because of the sex-segregation / 
policies of some schools, both public and private, and the fact thfpt boys' schools 
are more heavily represented here. It is not immediately apjSarent hdw"^ese two 
selective trends can be disentangled within the* limits of the present study. The 
results as observed, however, are in accord with the expectations from deferen- 
tial drop-out rates; the measured intelligence of the boys among the clasJfiates 
is higher than among the girls, in spite of the boys' lesser earned grades. 

It is instructive to compare the profiles of the boys and girls by type of 
school, and in the next chapter, to compare these profiles with those of doctorate- 
holders similarly sorted out. Table 2 provides the essential data. 

Table 2 / 

/ 

• / 

Means of Boys and Girls, and Sex Differences on^ Six Varial^les, 

By Type of School 

Sex Type of School GPA 1 GPA 2 GPA 3 gIpA 4 Rank Test 

Girls Public 58.4 ^56.6 56.8 56.9 57.6 54.8 

Denominational 58.0 56.9 56.2 56.4 55^3 54.3 
Independent 58.5 57.3 56.5 58.2 55. 7 58.2 

Boys Public 53.3 54.6 54.6 55.1 54.2 55.6 

Denominationai 54.9 56.3 54.6... 54.2 54.9 5 7.8 
Independent 53.9 55.2 55.2 54.8 55.3 61.7 



DLff., Public 5,1 2.0 2.2 1.8 3.4 -0.8 

G-B Denominational 3.1 ^.6 1.6 2.2 .4 -3.5 

Independent 4.6 2.1 1.3 3.4 . .4 -3.5 



2(> 



ERJC 



- 19 - ^ 

The girls^ in all three types of schools are consistently higher in achieve- , 
ment-#8pecially in languages--than the boys, who are consistently superior in meas- 
ured aptitude. In tlie public schools the superiority of, the boys in tested ability 
Is le^s than Qne point; in both types of private schools it is 3,5 points. As a 
consequence, the girls ^re just barely superior in normalized rank in the private 
schools, but superior by over three standard score points in the public schools, 
as is shown in the bottom portion of Table 2. 

When data ^r the boys and girls are combined, the following mean scores are 
found for normalized rank and test score for the three school ty^pes: 



\ 



o .Normalized Rank Test Score 
Public Schools . ^ 55,8 55,2 
DenominationaL Schools , 55,0 57.0 
Independent Schools 55.3 61.2 



This table brings out most clearly the selective admissions policies of the 
private schools in this sample, particularly in the independent group. The slightly 
lower normalized rank mean of the private schools .may be an indication that a higher 
proportion of their graduates may have gone on to the doctorate, so that a larger 
fraction of all schools in the private sector are included in this study than is^^--"' 
^ true of the public schools. A determination as to whether or not this has acti/ally 
occurred must await a later study. 

...field differences? 
The ^'classmate cases" were sorted out by the field of eventual specialization 
of their matching doctorate-ho^^ers . This was done to check on the^ possibility . 
that differences in the educational milieu, as represented by the high school peers, 
might be influential in eventual field choice. Differences in ability among doc- 
torate-holders had been clearly demonstrated in the study of the 1958 doctorates, 
with AGCT-equivalent means ranging from 140 for the highest-scoring field down to , 
123 for the lowest-scoring field. Were those in the high-ability field selected 
more frequently from among high-scoring classes, and' vice versa? This was readily 
checked, and the results were negative with respect to measured intelligence, nor- 
malized rank in class, t and the four grade point averages. Corrected means on^ these 
six variables for the classmates of doctorate-holders iri the several fields are 
given below in Table 3. 
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Table 3 










Corrected 


Means of Six Variables 


on Classmates of 






Doctorate-Holders in 


Ten Fields 


of Sp^^ 


lallzatlon 






r 

GPA 1 


GPA 2 


CPA 


GPA 4 


/ Normalized 


Test 




Lan^uafte 


Soc.St. 


Math 


Science 


/ Rank 


Score 


noL Li 


56 • 3 


56.0 


56.0 


56.5 


56.1 


56 7 


irny^xcs 


55.9 


55.7 


55.5 


55.8 


55.9 


56 0 




J? .J 




55.3 


55.5 


55.7 


55 4 


O « _ O 4 






56.2 


55 .8 


56.1 




El ngin • 


55.9 


56.0 


55.6 


55.7 


55.9 




Biol . 


55.6 


. 56./ 


56.0 


56.1 


55.9 


55.2 


Psych. 


, 55 !4 


55.8^ 


55.2 


55.7 


55.8 


5 / .(J 


Soc.Scl 


55.4 


55.7 


55.7 




55.4 


55.6 


Arts 


55.3 


5^.4 


55.1 


55.1 


55.3 


56.2 


Educ • 


56.0 


55.6 


55.8 


56.0 


55.8 


55.4 


Total 


55.7 


55.7 


55.6 


55.8 


55.7 


55.8 



Whether there is any relation between field of eventual specialization and 
predominant sex of classmates (largely a function of special rather than coeduca- 
tional schools) was also explored. The percentage of males among classmates, and 
the standard errors of these percentages, by field, are shown in Table 4 below, 

J Table 4 

\ 

Percentage of Boys among the Classmates of Doctorate-Holders 
By Field of Doctorate, with Standard Errors of percentages 

Field Percent Males Field Percent Males 



Mathematics 


57.5 


± 


2.7 ' 


Biology 


54.9 


+ 


1.2 


Physics 


56.9 


+ 


1.8 


Psychology 


57.6 


± 


1.5» 


Chemistry 


56.0 


+ 


1.3 


Social Sciences 


59.6 


+ 


1.4 


Geo-Sciences 


62.8 


+ 


3.0 


Arts & Professions 


55.2 


+ 


1.3 


Engineering 


56.^ 


+ 


1.5 


Education 


• 51.0 


+ 


1.3 



General Average = 55.97o 
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The fields of geo-scicnces, sbcial sciences, and education differ signifi- 
cantly from the mean percentage for all fields combined. This may be in part a 
function of type of school, as other studies (sec Scientific Manpower Report #5, 
18 Jan. 1965) have shown that educators come predominantly from public schools, 
and in this sector, disproportionately from the smaller schools, few of which 
are segregated by sex. It is also true that percentage of females among educa- 
tion doctorate-holders is high; to the extent they com^ from girls' schools, 
the percentage of males among the peers of the education group would be lowered. 
Social scientists come disproportionately i^j^m denominational and independent 
schools, and from large-city public schools, which are segregated by sex more 
frequently than is tru-e of the medium-sii-e publ& schools. The high proportion 
of males among the classmates of geo-scientists cannot be explained ^ readily 
in terms of type of school, as this group also comes disproportionately from pub- 
lic schools, with an average percentage from independent schools and an unusually 
small percentage from denominational high schools. 

...size and type of school 
Ability variations by size and type of school are shown by the following 
•table, which includes numbers of ca^es, corrected means on normalized rank, and | 
intelligence test mean values. la the largest and smallest size categories the 
numbers of cases from the private schools, both denominational and independent, 
are too small for >l5^1iable statistics; all size categories above 10 students per . 
graduating class have been retained nevertheless in order to compare data for the 
public schools of various sizes. Variations in means of normalized rank occur by 
both size and type of school because these factors were ignored in selecting the 
representative sample of cases (only region and percentile rank were explicitly 
considered) . Because type and size of school are related, as are also type and 
region, there are some rather complex interactions which may have made the private 
school cases of both types somewhat less representative of their own base population 
than are the public schools which form tHe great bulk of the cases. This caution 
should be kept in mind in any interpretation of ^ph^patterns found in Table 5. 

The over-all variations in normalized rank (see column for '"all types"), as 
one reads down Table 5' from the smallest to the largest ^schools , amount to three 
points in^ standard score ( . 2cr) , hal C of it in the first step. This is probably due 
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Table 5 

Corrected Standard Score Means on Normalized Rank 
and Test Score by Size and Type of School 



Size of Grad- 
uating^ Class 


Normalized Rank 




• Test Score 


Public 


Denom.- 


Indep . 


All 
Types 




Public 


Denom. 


Indep ^ 


All 
•Types 


1-19 


53.5 


55.0 


52.5 


53.6 




54.2 


57.5 


57 


.5 


55. 


3 


20-39 


55.8 


54.6 


53.9 


55.3 




54.0 


56.2 


60 


.0 


55. 


7 


40-59 


54.8 


55.2 


55.9 


55.0 




52i8 


56.9 


60 


.4 


54 


.7 


60-99 


55.4 


54.4 


55.9 


55.3 




54.5 


56.1 


59 


.4 


55 




100-199 


56.0 


54.7 


58.0 


56.0 




55.8 


57.7 


64 


.2 


56 


.0 


200-499 


56.0 


56.2 


53.3 


56.0 




55^ 


57.5 


64 


.8 


55 


.9 


500 & UP 


56.4 


55.4 


51.1 


56.4 




56.3 


55.6 


61 


.0 


56 


.3 


Total, all 
sizes 


55.8 


55.0 


55.3 


55.7 




55.2 


57.0 ■ 


61 


.2 


55.8 



to the fact that the PhD-holder is generally from the upper part of the class (typi 
cally one o" above the mean; only one out of 8 from the lower halff) and that his 
elimination leaves selection of a classmate from a remainder of lower average rank. 
In the larger classes, this occasional elimination has small weight; in the classes 
smaller than 20, and particularly smaller than 10, it has a marked effect. This 
probably accounts also for the lower over-all normalized rank means for the pri- 
vate schools; small classes are more typical for them than for the public schools* 
There seems ^to be no significant trend in the normalized rank variable except for 
the classes of ^fewer than 20. As mentioned earlier, the values for the private 
schools in tkl^ smallest and largest categories are unreliable because of , the small 
number of cases. 

...urban = verbal? 

The relation of intelligence test score to class size is weak but discernible, 
and in the expected positive direction, particularly for the publid^ schools . A 
rural-urban difference in intelligence test scores has been repeatedly observed 
over the past 40 years, and undoubtedly explains the class-size differential. In 
each class size category for which reliable data are available, the denominational 
school mean is higher than that for public schools, and the independent school mean 
highest of the three types. -Whether the schools sampled in the present study are 
equally unrepresentative of all three types of high schools cannot be immediately 
determined. In all, the original returns represented a ^.ampling of 7458 schools 
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out of 25,000; the'reduced sample used in the tabulations here iacludes about 
AOOOachools or 16% of the national total. Generalization to th^ whole set of 
schools of any would therefore be unwarranted on the basis of presents- 

available control data. 

...regional patterns 

Table 6 below gives data on normalized rank and test scores by geographic 
region. Variations irrsa^rjnalized rank are small, in spite of the fact th^ it 
was necessary to ellminate^s^^ctively from some regions more -than from others 
to miniiy.ze the loss from the ''regions of lowest total response rate, and the 
further faCt that eliminations were from the upper half of the ability range. 
The "penalized" regions (principally the northeastern regions) have score's as 
higfi* as the others. One interpretation of this fact, and a pleasant one to make, 
is\that the trimming was in fact effective in eliminat;ing "surplus" cases from 
categories that were originally over-represented. The results indicate as a 
(Dinimum that the several regions are, on the average, fairly represented. 

In intelligence test means, the regional variations follow a familiar 

pattern, with the heavily urbanized northeast ^regions scoring highest and the 

rural areas scoring lowest. The somewhat lowered mean for the Pacific area is 

probably due to the fact that most of the city of Los Angeles was omitted. Only 

few classmate records wexe recei"ved from that city, although data on the doctorate 

r 

holders from Los Angeles were furnished by its Central Records Bureau. 



Table 6 



Normalized Rank and Intelligence Test Mean 
Scores by Geographic Region 



Normalized 




Test 


Rank 




- Score 


55,6 


New England 


56.6 


55.8 


Middle Atlantic 


56.8 




East North Central 


55.5 


55.3 


West North Central 


54.6 


55.6 


South Atlantic 


55.3 


55.9 


East South Central 


52.7 


55.7 


West South Central 


55 .5 


56.1 


Mountain 


55.5 


56.2 


Pacific 


- 54.9 



CHAPTER V THE DOCT ORATE -HOUKRS • , , 

\ 

^ All the ilnreceding chapters are prologue. Major interest centers on the 
doctorate-hold^^. Two chapters will deal with this subject in "somewhat dif- * 
ferent fashion. This chapter will deal with patterns of scores that can be 
visually compared. The next will deal with a much more sophisticated statis- v 
tical comparison oiypatterns, utilizing a- multiple discriminant analysis to dis- 
tinguish maximally between various fields of eventual doctorate on th^ basis of 
high school data. Tl^e paragraphs below describe the techniques of insuring that 
the visualized patterns found in this chapter represent realities of the data 
and not artifa^prts of procedure. * This description is p.artially redundant on 
Chapter II, <!^hich described methodology; it is presented here in a somewhat dif- 
ferent form to facilitate understanding of the process. 

The corrections used with the classmates to remove average differences in 
the four CPA's are supplemented to correct for variations in the standard devia- 
tions, or spread of the scores above and below the mean. The illustration below 
for CPA 1, languages, shows the successive steps which are condensed in the form- 
ula given in Chapter II. 

70.81 from the jCKriginal tiiean of the doctorate-holders is subtracted 
•"55'.65 the original mean of the classmates. This^giv^s the 
15.16 difference in original scale points. f 

Dividing this difference by the standard deviation 6f the classmates, 
15.16 4-16.27 = ,932 we have the mean of the doctorate-holders 

expressed in units of the standard deviation 
of the classmates. As the standa^'d score scale divides the standard 
deviation into ten points, we multiply this value by 10 and add the 
classmate mean, 
- 9 .32 + 55 .65 = 64.97, rounded to 65 .^0 

to get the . corrected grand m^an of the doctorate-holders in standard 
score terms, for CPA 1» / 

A similar procedure was used with the other CPA's, with the addition of the 
corrections for subject-matter differences, discussed in Chapter II, which sub- 
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tract two points (2,0) from the social studies scale and add one point (1.0) to 
the .mathematics scale. The result is four corrected CPA's, asVfollows: 

/gPA I GPA 2 GPA 3 ' GPA 4 

Languages Social Studies Mathematics Science 

, 65.0 65.7 64,4 ^ 65.9 

As noted in Chapter II, the procedures described above were^ased to produce ^ 
conversion tables from the original scale CPA's to the corrected standard score 
scales. These tables are reproduced in AppendixC. All of the data in the rest 
of this chapter will be in terms of these standard score scales. A .standard pro- 
file is completed with the addition of two mgre variables: r^the test standard 
score and the normalized rank, corrected by adding to the original score 5.6 
points to minimize the differejice between the test scale and normalized rank 
scale. It is this corrected formalized rank score which will be used in all ^ 
subsequent tables. _ , ^ » 

The fuil profile of six variables for the doctorate group is not as flat 'as 
that of the classmates, for a number of rieasons, at least a few of.which are known. 
(Many other causes of variation no doubt exist, including inaccuracies of t^ scal- 
ing technique.) The profile of the entire doctorate analysis group will be used 
repeatedly in what follows as a frame of reference against which to evaltr^te the 
profiles of a number of sub-groups. It therefore deserves some ex^ination at 
this point. The six-point doctorate profile^ is as follows; 

GPA 1 CPA 2 ■ CPA 3 CPA 4 » Rank Test 

65.0 65.7 ■ . M.4 65.9 66.5 64.9 ' 

The fact that ,the nonnaiized rank standard score is higher than the average 
of the four CPA's (from which, in essence, it is drawn) is predictable on the 
basis of statistical regression. This may best be understood by c(^nsideri,ng a 
set of students who attain "A" grades in various subjects. Of all those who have 
.'"AV in. English, for example, some will have "B'' or "C'*'in trigonometry, history, 
or chemistry, v/hile those who have "A'' in trigjj»nometry will include some who have 
"C" or ''B" in the other subjects, and so on. The student , who has two "A's'! is 
rarer than one with a single "A'', and therefore statisttpally has a higher per- 
centile .ranking. Likewise those with three and four **A\^^ are still rarer, and,., 
would have still higher percentiles, which would of course convert to higher 
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standard scores. Viewed f roin. ariothe-r angle, or^ could say that a given Letter 
^grade.had a constant meaning in percentile terms, a student who scores 4 A' s and 
2 B'» on weekly examinations would have an A as a six-week average, not A- as 
might be supposed. So with the doctorates-holders as a group; they are superior 
students, on the whole, but not with entire consistency^. They are not "straight 
A" students. They slip up here and -there in one subject-matter area or another. 
But when the grades of a generally-superior group such as this are collected into 
one over-all grade point faverage , and this over-all score is interpre^'ted as a 
normalized rank, they will be more outstanding on the normalized rank than would 
be shown ^by a simple averaging of the scores on the separate components, 

, . ,pi>of iles , profiles, profiles 
Using this generalized profile as a basis of comparison, we will examine the 
data by year of graduation; by sex; by marital status at time of PhD; by school 
size, type, and location; by field of specialization for the, doctdrate; and by 
various combinations of these factors. In general, the simpler comparisons will 
be made first, proceeding gradually to the more complex ones. 

Fears that the increasing number of doctorates represents a dilution of 



quality ^eem 


quite 


unwarranted 


on the 


basis of 


the data 


■ for the time 


trend 


lack of trend 


over 


the four years of 


this study, as shown below in Table 7 








Table 7 










Ability Profiles 


of Doctorate-Holders by 


Year of PhD 




Year of 




GPA 1 ^ 


GPA 2 


CPA 3 


GPA 4 


Normalized 


Test 


Doctorate 




Language 


SocSt, 


Math 


Science 


Rank 


Score 


1959 




65.0 


65.6 


64.4 


65,7 


66,5 


.64.9 


1960 




64.9 


65.5 


64.2 


65,7 


66 .4 


65,0 


1961 




65.1 


65,9 


64.4 


65 .8 


66.5 


64.9 


1962 




65.0 


65,7 


64.5 


66.1 


66,4 


64,9 



* Variations in the pattern of the GPA' s are small and inconsistent. The varia- 
tions in measured ability and in normalized rank, which are the best over-all indi- 
cators of general ability, show absolutely no trend over, the ft)ur years of this 
$tudy, A direct comparison with the previous studies of 1957 and 1958 doctorate- 
holders cannot be made without going back to the data for those years and selecting 
samples in the some manner the samples were selected for the current study. As 



ERIC 



34 



- 27 - . 

noted in the chapter on methodology, the 20,440 cases in , the present study were' 
selected to be representative of the whole doctorate population by region, school- 
type, and school size. The data published for the 1958 doctorate-holders were 
unselected, and certainly represented the large, highly selective schools of 
the metropolitan areas more heavily than the smaller schools, and the north and 
east more strongly than the southern and mountain areas, where the test scores 
tend to run lower. Therefore, no comparison with the earlier years will be 
attempted at this time; the data for the >four years here shown, which were 
treated in identical manner, show that there is, at least over this period, as 
constant an ability level as these measures are capable of measuring. 

In the examination of the classmate data, it was noted th^at the boys were 
superior in test sco're, but that the girls were superior in achievement in high 
^school, and that this was true for all three school types. A similar examination 
of the data on doctorate-holders is of interest, and is shown ^be1j«^^n Table 8. 

Tabtfe 8 

High School Profiles of Men and Women 'Doctorate-Holders 
By Type of School, and 6v^x Difference Scores on Six Variables 

GPA 1 GPA 2 GPA 3 CPA 4 Normalized Test 
Sex ^ School Type Lan^uaj^e Soc.St. Math Science Rank Sco.r^ 

F Public 70.0 68.7 66.7 67.6 70.7 66.5 

Denominational 70-8 69.5 68.6 68.8 68.6 66.2 

'Independent 67.2 66). 3 65.5 67.2 "66..4 67.7 

M' Public 64.5 63.5 64.2 65.7 66M 64.6 

Denominational 65.6 65.7 64.5 65.6 ^.6 • 64.9 

Independent 61.8 b2.3 62.4 63.8 64.2 66.8 



F-M Public 

Denominational 
Independent 



5 . h ■ 


3.-\ 


.'2.5 


1, 


.9 


4.6 


1.9 




3.8 


4.1 


3, 


.2 . 


2.0 


1.3 




4.0 


3.1 


3 


.4 


2.2 


.9 



The familiar pattern of maximum difference in favor of the women in languages 
again appears, bub^t is parti cuVrly notcworrhy that the women 'PhD' s are superior 
not only la achieve-U'n t ; but also i nu\i...urt:ii aptitude. This confirms the finding 
of the earlier study of 1958 docLOi.7>. aolder^, in which it was found that the 
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women PhD' s were brighter, by any index that was used, than men inv the same 
fields of specialization. Another way of Looking at the data iti the above table 
is to consider the differences between the doctorate^holders and their classmates, 
holding sex and school type constant. This is done in Table 9 below- 

Table 9 



laces, ^ 

On Six Variables, by Sex and Type of High School 



Differences between Doctorate-Holders and Their Classmates, 





School 


GPA 1 


GPA 2 


GPA 3 


GPA 4 


Normalized T^st 


Sex 


Type 


Languages 


Soc. St. 


Math 


Science 


Rank 


Score 


F 


Public 


11.6 


12.1 


9.9 


10.7 


13.1 


11.7 




DendflTina tiona 1 


12.8 


12.6 


12.4 


12.4 


13.3 


11.9 




Independent 


8.7 


9.0 


9.0 


9.0 


10.7 


9.5 


M 


Public • 


11.2 


10.9 


9.6 


10.6 


11.9 


9.0 




Denominational 


10.7 


9.4 


9.9 


11.4 


a. 7 


7.1 




Independent 


7.9 


7.1 


7.2 


9.0 


.8.9 


5.1 



In Table 9, where boys are compared with boys, and^^^rls with girls, any <A 
generalized sex difference is cancelled out, leaving only that which may be attri- 
buted to secondary factors associated with the fact that relatively few women go 
on to the dbttorate, and are accordingly more highly selected on ability than are 
the men. On each variable, for each school type, the difference between the doc- 
torate-holders and classmates is greater for the women triah for the men, and ic 
does not change very much from one variable to another, within school type. The 
variations by school type are informative, also. For women, the greatest differ- 
ences are in the denominational category; for men, in the public school category, 
and for both sexes, the smallest differential is in the independent schools. This, 
would strongly indicate that the independent schools, which have the highe.st average 
ability ..level , send more of their graduates on to the dottorate--quite as would be 
expected on the basis of the socio-economic status of their parents, 

Wcxen the superiority of women over men doctorate-holders was noted in the study 
of the 1958 graduates, the hypothesis was advanced that' this was due primarily to 
the greater hurdles that the women had to overcome to attain the doctorate ^egree. 
As a consequence of "higher hurdles" it was hypothesized that only the more able 
made it. If this hypothesis is correct, then it might well follow that if still 
greater hurdles were put in the way, still higher ability levels would be found 
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for the successful graduates. This can be tested in the present case by compering 
the ability levels of those women who were married at the time they attained the 
doctorate with tho^e who were^ siugl^e. It is assumed, in doing this, that marriage 
and its attendant responsibilities is a handicap rather than a help in further 
academic attainment for the women. Table 10 and Figures 1 and 2 provide the 
^ data relevant to this question ^or all fields In which the number of women was 
sufficient for reliable statistics. In math, physics, geo-sciences, and engineer- 
ing the trend was the same, but the small numbers of women make the detailed data 
unreliable. The illustrations in Figures 1 and 2 were selected to show bath na- 
tural and social^ sciences'; as Table 10 shows, similar tread/s are evident 'An all 
the field^< ^ 

The hypothesis with regard to relative abilities of the men and women, and 
with respect to married vs. single women gains strong support from the data of 
Table 10.7 The data with respect to the men, however, raises another queltion: 
why the superiority of the single men as compared with the married? A nuinber ; 
of hypotheses (the most Interesting ones merely faeetious) immediately suggest . 
tliemselves. In any event, the "hurdles** hypothesi^ advanced With respect to 
tlfr women does not seem to be very useful here. More probably a satisfactory .. 
explanation is to be found by considering the variables which correlate posi- - 
tively with marital status and negatively with ability. One of these is age. 
It seems quite reasonable to expect that those who are slowest in completion of 
doctoral requirements are, on che average, less able scholastically than those 
whcjpComplete the requirements earlier; being older, they are much more likely 
to. be married by the time the degree is earned- In the study of the high school 
backgrounds of the 1958 doctorate-holders, the ability level of the older men in 
eiTch field was found to be lowfir than that of the younger men, as i,s generally 
found in any age-grade comparison, A full exploration of the reasons for the 
ability differential betv/een married and single men is beyond the feasible scope 
of the present report; it is expected thaL further study will provide a defini- 
tive test^bf the hypothesis here advanced. 
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Table 10 



High School Ability Profiles, by Field, for Meil and Women PhD',8 
By Marital Status at Time of Doctorate 



Field 


Sex 


Mar. 
Stat. 


GPA 1 


GPA 2 


GtA 3 


GPA 4 


Normalized 
Rank 


Test 
Score 


All Fields 
Combined 


F 


marr 
sgl 


70.3 
69.8 


68.8 
68.7 


67.4 
66.7 


68.4 
67.3 


71.0 
69.7 


68.3 

65 A 






tot 


70.0 


68.7 


66.9 


67.8 


-V7O.2 


66.6 




M 


marr 
. sgl 


63.9 
66.9 


64.9 
67.4 


63.7 
65-. 9 


65.2 
67.'7 


68.4' 
65.5 . 


64^5 
65.8 






tot 


64.4 


65.4 


64.0 


65.6 


, 66.1 


64.7 


Chemistry 


F • 


m^rr 
sgl 


71.1 
71.4 


70.6 
71,0 


72.2 
72.0 


■ 72.2 
71.4 . 


72.9 
; 72 .0 


69.9 
68.0 




M 


marr 
sgl 


65.6 

D / . 


66.7 

DO . 1 


67.0 


69.0 
. o 


67.8 


65.2 


Bio^Sciences 


F 


marr 
sgl 


71.3 
70.5 


70.1 
70.0 


69.^ 
68 .3 


71.4 
70 .0 


72.7 ■ 
70 .8 


69.6 
66 .4 






marr 
sgl 


62.5 
65.0 


63.8 
66.0 


62.6 
64.1 


64.9 
67.3 


63.8 
66.1 


62.0 
63.2 


Psychology 


F 


marr 
sgl 


70.2 
70.2 


68.6 
67.8 


67.0 
66.1 


67.6 
67.2 . 


70.1 
69.9 


69.3 
66.6 




M 


marr 
sgl 


61.8 
64.0 


62.9 
64.5 


60.5 
'62.1 


62.3 
63.8 


62.8 
64.8 


64.7 
65.2 


Social Sciences 


F 


marr 
sgl 


72.5 
70.4 


71:. 5 
69.4 


68.0 
66.6 


70^.0 
68.6 


71 .8 
69.3 


68.0 
66.7 




M 


marr 


64.3 
67.3 - 


66.2/' 

68,2' 


*^(&2.4 
63.9 


63.9 
66.0 


65.5 
67.6 


64.8 
65.2 



Arts and , 

Professions marr 72.1 69.9 67.9 ( 69.3 72.2 68.3 

sgl 71.6^ 70.0^ 67.8 V 67.6 71.7 66.8 

M marr 65.2 65.4 62.7 65.6 65.4 

sgl 68.6 68.2 65.0 66. sN 69.3 86„4 



Education 


F 


marr 


66.5 


65.1 


. 63.5 


64 


.1 


66.9 


64.4 






sgl 


67.7 


66.8 


64.4 


65 


.1 


66.8 


61.3 




M 


marr i 


60.9^ 


%2.2 


60.0 


61 


.1 


61.7 


60.3 






sgl 


64.1 


64.3 


61.4 


62 


.9 


63.5 


59.2 



Figure 1 ^ 

Profile of Blo-Scientlsts, by Sex, and Marital Status 
At Doctorate, on Six High School Variables 



CPA 1 GPA 2 ' GPA 3 GPA 4 Normalized Test 
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Figure 2 



Prof ile^ of Social Scientl$t8, by Sex end Marital Status 
At Doctorate, on Six High School Variables 



GPA 1 GPA 2 

Language ^oc. Std 



GPA 3 
Math 



GPA 4 Hormallzed 
Science* Rank 



Test 
Score 




4C ^ 
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...schools large and small 
Size of graduating cla'^s has been found to be related to doctorate productivity. 
The ability level of the PhD graduates of these schools is, -accordingly, of con- 
siderable interest. If the "hurdles'* hypothesis evoked with respect to the women 
doctorates is to apply here, one would expect that the graduates of the small 
schools (at least the small public schools) who eventually attain doctorates 
would be more able tharf those of the larger schools with more favorable condi- 
tions- For the purpose of evaluating this hypothesis, only normalized rank and 
test score variables appear to be pertinent, and these need to be compared with 
those of the classmates from schools of the same size and type, to 'control any 
artifacts which may apply both the doctorate-holders and others alike. Table 11 
gives the data on the doctorate-holders by size and type of school. Table 12 gives, 
the doctorate-classmate differences for these two variables, also by size and type 
of school . 



Table 11 



No rma 1 


ized Rank 


and Test 


Score 


Means on 


Doctorate-Holders 








By School 


Type and Size 


of Graduating Class 










Normalised 


Rank 




Test 


: Score 






Size of Grad- 








All 








All 


uating Class 


Public 


Det'om . 


Indep 


Types 


Public 


Denom. 


Indep . 


Types 


1-19 ■ 


64.6 


65.1 


62.9 


64.5 


63.6 


67.2 


66.5 


•64.6 


20-39 


66.. 1 


64.6 


64.1 


65 .6 


64.0 


65.0 


66.5 i 


64.6 


40-59 


66.3 


05 .8 


63.6 


65.9 


63.4 


63.7 


67.1 


64.0 


60-99 


66.7 


67.5 


65.5 


66.7 


64.5 


65.9 


65.3 


64.8 


100-199 


66.3 


67.6 


65.3 


66.6 


64.4 


65.4 


68.6 


64.7 


200-499 


66.9 


69 .8 


63,4 


67.9 


65 .2 


64.1 


68.3 


65.2 


500 6c up 


66.3 


67.5 


66.8 


66.3 


65 .2 


63.8 


68.5 


65.2 


Total, all 


















sizes 


66.5 


66 .9 


64,4 


66.5 


64.8 


65.1 


66.9 


64.9 
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Table 12 

PhD-Classraate Differences in rmalized Rank and Test Score 
By School Type and Size o£ Graduating Class 

T^st Score 



Normalized Rank 



Size of Grad- 



AU 



All 



uating Class 


Public 


Denom. 


♦ Indep . 


Types 


Public 


Denom. 


Indep . 


Types 


1-19 


11. 1 


10.1 


' 10.4 


'10.9 


9.4 


9.7 


9.0 


9.3 , 


20-39 


10.3 


10.0 


10.2 


10.3 


10.0 


8.8 


6.5 


8.9 


40-59 


11.5 


' 10.6 


7.7 


10.9 


10.6 


6.8 


6.7 


9.3 


60-99 


11.3 


13.1 


9,6 


11.4 


10.0^ 


9.8 


5.9 


9.5 


100-199 


10.5 


, 12.9 


7.5 


10.6 


8.6 


7.7 


4.4 


8.7 


200-499 


10.9 


13.6 


10.1 


11.9 


9.6 


6.6 


3; 5 


9.3 


500 & up 


9.9 


12.1 


15.7 


9.9 j 


9.9 


8.2 


7.5 


8.9 


Total, all 

sizes 


10.7 


11.9 


9.1 


10.8 


9.6 


8.1 


5.7 


9.1 



Very little data of either of the above tables shows any consistent trends, 
with two possible exceptions: the PhD-classmat e difference for the independent 
schools seems to be negatively related to ^ize of graduating class, and there 
seems to be a mild negative correlation between test score an4 class size for 
the public school column. It must be. remembered, in interpreting Tables 11 and 
12, that the data for the larger class sizes are unreliable for the private schools, 
both church-related and independent, because the numbers of cases in these cate- 
gories are small. In siuiimary , no support is found here for the "hurdles" hypo- 
thesis, Insofar as the supposed handicap of small class size is concerned. 

. . .p Givate-parochial-public hierarchy maintained 
It is worth noting that, v/ith respect to mea3ured ability, the independent 
schools rank first in five out of seven class sizes, and the public; schools rank 
third in f ive;- Ou<: of seven sires, the exceptions being the largest class sizes, 
where data fot the private jarchoo Is are unreliable^^ and where selectivity of the 
public schools is most frequently encountered. 

...above and beyond tested ability 
Another comparison in Tables 11 and 12 is perhaps more significant than 
those concerned with the "hurdles" hypothesis. The doctorate-holders are higher 
on normalized rank than on test score in 23 of the 28 possible comparisons by 
size and type of school. The exceptions are in the smaller of the private schools 
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of both categories. When the PhD-classmate differences are examined, the norm- 
alized rank scores show the greatest difference in all but one cell, where there 
is no difference. For the total of all schools in Table 12,. the rhB-classmate 
difference is 10.8 points in normalized tavk and 9.1 points in test score. A 
small portion of this difference (^w'o) could be accounted for on the basis of 
the larger standard deviation of the ucrmalized rank scores (9.7) as compared 
with that of the test scores (9.3). Allcwing for this difference in dist.Jributions , 
the PhD-classmate difference in normalized score is stiU larger than the :test 
score difference by 147;-not a large amount, but enough to suggest further exam- 
ination. For the public schools, che ratio of the two differences (normalized 
rank/ test score) is only 1.06; for the denominational schools, it is 1.41,. and 
for the independent schools i7t is 1„53. Earlier data have indicated--in line 
with prior expectations-that the grading standards of the private schools, and 
particularly the independent ones, are more rigorous than those of the public 
schools, perhaps largely in consequence of their ^S^-i^Live admissi/ons policies, 
as compared with the "comprehensive" role of most of the public high schools. . 
Within the private school group, the PhD graduates are more outstanding relative 
to their classmates oa no au:.. lized rank than they are on test score, whereas in ■. 
the public schools the di ferer.co is minimal. Whether this same pattern would 
hold with respect to hj.ghly-.rlv...:i:iv.. public schools is an interesting question, 
but one which co.ld not ,ar .u.d w.t:h^-n the time and budget liraitatlons of the 

present inves ti^^at iun 

This pattern of diflcrencc-:-. oi rank vs. test score might be interpreted to 
indicate that the eventual doc toru t--holders are not only brighter, but, for a 
given level of native ahlMty , nrc mo.-, studious than their non-PhU classmates. 
In view of the imrortapc.. a: ,;r.a. -getULne a i): ■■through the educational system, 
up to and iacludu.y y,v^.in..i. s-:'.-''. this would seem to be a reasonable inter- 
pretation. Bank la. high school daas U generally ■ found to be at least as good 
a predictor ot coli-a succc.: a ; : t.;,t score, in spite of the wide variations 
found in schacl qaali.l.y .a^l ■c.M..au standards. l^Hiether it would be as good a 
predictor ot nou-a c.u;a.n Lc ca i Lc ; : . o. course quite another question-and one 
which might vail be wouLl,;; o l i.avc , M a.ation if suitable non-academrc criteria • 

f 

could bo dcvriopcd. 



4 



« 36 - 



...so the Yankees win again 
Regional differences in doctorate productivity (the proportion of high 
school graduates eventually achieving doctorates) have been found to be con- 
siderable. These differences ia.'^ productivity are correlated with variations 
in ability level as measured by standard tests, as shown in Table 13, below. 
This table gives ability levels not only of the doctorate-holders, but also of 
their classmates, and includes the average PhD-classmate difference for normal- 
ized rank and for test score. - 

Table 13 

Regional Variations in Normalized Rank and Test Score 
For Doctorate-Holders and Classmates 

Normalized Rank Test Score 





Doccorate- 


Class- 


Ph]>Clsmt. 


Doctorate- 


Class- 


PhD-Clsmt . 


Region 


Holders 


mates 


Di,f f erence 


Holders 


mates 


Difference 


New England 


66.1 


55.6 


10.5 


65.3 


56.6 


8.7 


Middle Atlantic 


64.4 


55.8 


10.6 


66.1 


56.8 


9.3 


Ea3t Nvorth Central 


66.7 


55.7 


11.0 


64.8 


55.5 


9.3 


West North Central 


65.9 


55.3 


10.6 


63.8 


54.6 


9.2 


South Atlantic 


66.5 


55,6 


10.9 


64.4 


55.3 


9.1 


East South Central 


66.5 


55.9 


10.6 


62.6 


52.7 


9.9 


West South Central 


66 .3 


55.7 


10.6 


64.2 


55.5 


8.7 


Mountain 


65 .6 


56.1 


9.5 


63.5 


55.5 


8o0 


Pacific . 


67.6 


56.2 


11.4 


64.0 


54.9 


9.1 


U.S. Total 


66.5 


55.7 


10.8 


64.9 


55.8 


9.1 



In Table L3, the inter-regional variations in normalized rank are not large, 
at; these scores, are based on local norms. The variations in tested ability are ^ 
considerable, however, on both doctorate and classmate laL^. , and are so highly 
correlated (rank-order correlation is .80) that the .PhL rl assmate difference shows 
small variation from region to region.. The same correlation on the normalized rank' 
data is .62, while the inter- regional correlation between normalized rank and test 
score, for the doctorate-holders, is only .15. For individuals the correlation 
'^ould of course be much higher. One regional anomaly that may be other than mere 
random- samp ling variation is the low PhD-classmate difference in the mountain 
states, on both normalized rank and test score. An explanatory hypothesis, which 
would have to be checked by reference to other data, is that these data very largely 
reflect the influence of Utah, where the Mormon culture ha^ encouraged a very high 
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proportion of the students to go on to advanced education, thus reducing the 
difference between the doctorate-holders and high school graduates in general. 

The distribution of school types is not uniform across the United States; 
private schools tend to be concentrated in the northeastern section. For this 
reason, a further table was produced, by type of school and geographic region, 
but limiting the geogrciphic break-out to three areas: New England, the Middle 
Atlantic states, and all others. The basic data are given in Table 14, and ab- 
breviated "profiles'* are shown in Figure 3, The GPA scores have been left off 
these profiles, as they are substantially reflect^gd in the normalized rank score, 

Table 14 

Ability Profiles by High School Type in Three Regions 



Region 


Type 


GPA 1 


GPA 2 
Soc.St . 


GPA 3 
Math 


.GPA 4 
Science 


Normalize 
Rank 


-^3t 

Score 


New England 


Public 

Denominational 
Independent 


64.-4 
64.4 
59. 5_ 


66.0 
64.8 
60.2 


64.2 
64.1 
. 60.5 


65.7 
64.6 
-62.0 


67.0 " 

65.8 

63.7 


64.8 
64.5 
67.1 


Middle Atlantic 


Public 

Denominationa 1 
Independent 


63.0 
64.3 
62.5 


64.4 
64.5 

62,5 


63.3 
63.0 

62.3 


^ 64.6 
64.7 
64.5 


66.4 ' 
'66 . 3 
64.8 


'66.1 
65.7 
67.3' 


All Other 
Regions 


Public 

Denominatlona I 
Independent 


65.9 
68.0 
61, .2 


, y- 

66.3 
67.5 
65 .5 


■^64.9 
66.5 
65.2 


66.4 
67.2 
p6.2 


66.5 

67-^4 
65.0 , 


64.1 
64.8 
66.5 


U.S. TOTAL 


Public 

Denoiiiinat iona I 
Independent 


65 .0 
66.5 
62.4 


65.7 
66.3 
62.9 


64.4 

65.2 
. 62.7 


65 .8 
66.2 
64.3 


66.5 
66 .9 
64.4 


64.8 
65.1 
66.9 



The data for all doctorate-holders, for all types of schools and all regions 
combined, are shown in Figure 3 as a reference line against which the other patterns 
may be compared. In New England, for e.xaipple, the public schools are slightly above 
this reference line in normalized rank, and slightly below it in test score, while ^ 
the denominational schools ar(^ below on both variables.. Exactly the reverse is 
true in the combinad total of Regions 3 through 9, while in the Middle Atlantic 
states all three school types are below the reference line on normalized rank and 
above it on test .score. The oat:stai)dlag feature of Figure 3, of course, is the 
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Figure .3 ' ' . 

Abbreviated "Frofiles" by Type of School, in Three Regions 




63- 



1 ) ~- I)eno:Tii n a t iona i 

i ublic 

■. , t-., X(/J. AL 




p.erformance of the indepcndenl: schools, which in all regions, but especially in 
Ngw England, go counter to the tr;end of all the other schools. The relatively 
low score on normalized rank is undoubtedly a reflection of the fact tha/ a high 
proportion of the graduates of thdiSe schools go on to the doctorate, thus lower- 
ing the percentile rank of the doctorate-attaining group. 

.♦.the two cultures 

Field differences in normalized rankj math-science GPA, and test score were 
noted in the report on the 1.9.58 doctorate-holders . Xhe more extensive data of 
the ptesent study, and its more accurate calibration, permit these factors to be 
examii^ed in greater and more useful detail. The ^asic data for a general view 
of the ^results are given i.n Table 15, which has mean^ for all six of the high school 
variables for each of ten doctorate fields. The same data are presented graphically 
in Figures 4 and 5. Figure 4 shows profiles of the nat,ural4pcience fields; Figu're 3 
shows profiles of the social sciences, arts, and professions. In each of the 
figures, the general average profile of all PhD fields combined is also included 
as a reference line. This is particularly important because the standard score 
scale ranges on the two graphs are not the same: in Figure 4 the scale runs from 
63 to 71 ; in Figure 5 it runs from 60 to 68 . 

Table 15 

\ 

High School Achievement and Aptitude Me^^sures 

For Ten Fields of Doctorate Specialization ' ^ .. 



Field 


GPA 1 


GPA 2 


GPA 3 


GPA 4 


Normal ized 


Test 




Languages 


Sqc . S t . 


Math 


Science 


Rank 


Score 


Mathematics 


6 7.7 


6 7.3 


70.5 


69.6 


69 .9 


69.4 


Phy s ics 


67. B 


68 .0 


70.2 


70.9 


70.6 


69 .2 


Chemistry 


bb :i 


67.2 


67.3 


/r!4 


68.4 


65 .6 


Geo-Sciences 


63.8 




63.9 


/ 66.0 


65.6 


64. 7 


Engineering 


66 .6 


6 7.2 


69 .2 ^ 


69.8 


69.5 


66.9 


Blo-Sciences 


63.6 


64.7 


63.4 


65.7 


64.9 


62.7 


Psychology 


63.5 


64. 1 


61.6 


63.3 


64.3 


65 .4 


Social Sciences 


65 .4 


t-6 .9 


63.0 


64.7 


66.3 


65.1 


Arts & Professions 


o6 .8 


66 . 7 


63.9 


65.2 


6 7.2 


65 .9 


Education 


bi .3 


6 K 1 


60.9 


61.9 


62.7 


60.5 



4 
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Figure 4 . 

High School Profiles of Science Doctorates 
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Figure 5 

High School Profiles of Doctorates in Social Sciences, Arts, & Professions 
GPA 1 GPA 2 GPA 3 CPA 4 Normalized Test 
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. . . the general hier^rcVty 
The two sets of profiles deserve careful study, as both the form of each 
profile and its general elevation provide significant information. The general 
level is clie fr.:Cituvc that firGt strikes Lhe eye. The "hard scienceji*' of physics . 
and chemistry, to^ethe/: with m^ithemat ics and engineering, are a distinct group 
at the top o): Fi;^ure 4, well above the generalized profile of all fields com- 
bined. Ge($-sciehces and bio-sciences range in general below the generalized all- 
fieid profile. In Figure 5, the "arts and professions" group is above the gen- 
eral profile except in math and science CPA's; the social sciences profile criss- 
crosses the gene.ralized pix?file> while psychology and education are well' below 
excf^pc for che test score V£^iable for psychology. Beyond these first observa- 
tions rec^arding general ele"^tion of the profiles, details of form are particu- 
lar i y impo r c a n t . 

...profile form is important 
TVie two top iields in Figure 4, mathematics and physics, are closely re- 
lated disciplines, and yet the characteristic differences in the fields at the 
doctorate level are reflected in the profiles derived from high school data. 
The students who eventually became mathematicians did slightly better in mathe- 
TTiatlcs in high school; the eventual physicists did distinctly better in rho^a- 
boratory sciences in high school ^ and were somewhat better over-all achieYGrS;» 
although on tested aptitude there was a slight advantage for the eventual mathe- 
maticians. This pc.ttern of d i f f erencfis , it might be recalled^ was also noted on 
the 1958 doctorate-holders. Tlie third profile of this physical science group is 
that for engineerings vhi^^h- c losely parallels that for the physicists, but is in 
general about one standard score point lower on the achievement variables;, and 
two poincs lower on tested scholastic aptitude. The chemistry profile is sgain 
nearly pare: lie] and a bit lover except that chemists and engineers ai'e tied on 
social .studies GPA and the engineers are about two^points higher on mathematics. 
In a Li four of these profiles, the mathematics GPA is above the language and 
social .stiAdies GPA; in this characteristic they are distinctly different from 
al l the oi h;n" doctorate f ields. It may be well to note too at this point that 
the math prc^file is the only one of the ten fields in which the mathematics GPA 
is higher th;in the science GPA, and the only science field in which science G.PA 
is lov/er than the normalized rank score. It is the only science profile in 
v;bich languagj? GPA exceecls social studies GPA. One might hazard thv^ generali- 'i, 
Z'Htion that the m^ithamatics profile indicates a maich greater relative strength 
in the areas dealing with form tj>in in the areas dealing with substantive con- 
ten£. ' ■ * \ ' 

5C 
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if ...earth and life sciences 

J 

The geo-science and bio-science profiles parallel rather closely the gen- 
eral profile of all fields combined, except for a relative strength^in science 
GPA, and the relatively poor showing of the bio-science group on measured ap- 
titude. In connection with the latter it should be noted that this group comes* 
in large part from the rural areas, where depressed scores on standardized tests 
are quite characteristic; this might well be interpreted in this light rather 
than in terms of a vast difference in native ab^ility. In both of these fields, 
^, in'^contrast to the four at the top of the figure, the mathematics GPA is dis- 

tinctly below the social studies GPA and on a par with the language GPA- The 
relative weakness in tlfe'^ quant itat ive area may well have been important for a 
large number of these people in choosing fields in which substantial success 
could be attained without rigorous mathematical treatment of data. 

.-.and the humanities 

The *'arts and professions*' profile in Figure 5 is parallel to and above 
the generalized ali-field profile except for the math and sj^ience GPA^s, which 
are markedly ^depressed. The high contrast be^tween this profile and the pro- 
files of thelphysical ^scientists vividly calls to mind C- P- Snow's descr^.ption 
of the "two cul:^res". If there is a communications gap between these two 
cultures, there ^ ev idence ihere that it begins as far back as high school, and 
probably earlier. >The contrast is even greater with respect to the social sci- 
ences group, which, in this tabulation, includes hist^y ('sometimes classified 
with humanities rather than social sciences). The social science and arts pro- 

^\\es are in general parallel except for the specific areas in which differences 
are to be expec t ed- - the notably greater verbal achievement of the humanities 

- group and greater social studies achievement of those who eventually atta,in 
doctorates in social sciences. The final two profiles are those of psychology 
and 'educat ion--quite parallel In the four C*A fields, diverging somewhat more 
in normalized rank, and substantially different in t=est score. With respect to 
the latter, it may be recalJed that the psychologists come in large part frpm 
the big city schools; the educators in much greater proportion from small-town 
and rural sources. 

; 

I 

, . . but the fields are not homogeneous 

In the foregoing discuss ion oi profiles, each field has been taken as a 

whole, without regard to the fact r[.;ic wide variations exist within the fields. 

Some are relatively homogeneous; others, such as bio-sciences, encompass a very 
J 
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wide diversity of component fields, each distinct from at least some of the 
others. For a closer loo!; nl the within- field structure, further break-buts 
were attempted'* 

...200+ fine fields — .A0+ subfield groups 
The first step in examining intra- field profiles was to assemble the data 
for each of the subflclds that is coded' in the Doctorate Survey. In all, there 
are more than 20l) such fine fields recognized, many of them with too few cases 
to permit reliable' statistics in the present study. It was therefore necessary 
to re-assemble these fine Tields into sub- field groups large enough so that the 
resulting profiles would have small random error. In this re-assembly, one 
point is important to observe: the 'field-group ing dec isions must be made with-- 
out rej^ard to 1110 profile statistics (other than numbers of cases). It would 
be easy to nssemble fields which would show striking profile variations by 
yrouping together those small fields which happen to have similar profile char- 
acteristics. This would capitalize on\-random- sampl ing variations, however, and 
one would have to expect, on a replication of the study, that most of these 
striking profiles would vanish like the shapes one sees in passing clouds. The 
re-combinations were therefore made on characteristics other than the immediate- 
data, with a view to maintaining as great a degree of field homogeneity as pos- 
sible while still assembling large enough numbers of cases^or stable statistical 
results. In some cases, individual fields (as coded in the Doctorate Survey) 
were sufficiently lar«e. In most cases groupings had to be made, and some of 
the decisions were necessi> r i I y arbitrary, throwing together into a single group 
sub- fields which the people cMiyaged in these fields might feel to be strained. 
In most instances, however, rlie ;;roups seem to be ■ sel f- explanatory . 

The data with regarc: to the various sub- fields, for the six high school 
variables, are shown in Table 16. Because there was not sufficient room on the 
table itself to spell out the various sub-fields included in each grouping, the 
groups are simply desi<;natod A, B, C, etc. Listed below are the si^^ields in- 
cluded in each of these i c t ter- groups . The profile of each of these letter- 
groups was plotted, and the profiles visually examined. It was found that, with 
a few exceptions whicji will he d iscussed ' later , there was very little variation 
in form Irani one ol the oul-iields t^nother, within the general groups shown 
in Figures 4 and 5. The • raphs of the sub-fields are therefore omitted. The 
sub-fields did vary to a significant de^ee, however, in general height of pro- 
. file. The arrangement of the sub- fields in Table 16 is generally in the order 
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of- {:he height of fihese profiles, wi th tna j (j^r emphasis put on the test score 
variable. This arrangement was not uniformly followed, however. Within the 
general bio-sciences group there are two sub-groups, agricultural and medical 
sciences, which are lis'ed in that order because in the Doctorate Survey they 
comprise recognized categories ^hlch are not further described here. 
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Table 


16 














Abifi 


ty Profiles 


on Six High 


oC noo L 


Variables 


for 


PhD 


Sub-Fields 




Field & 




GPA 


, 1 


GPA 


2 


GPA 


. 3 


GPA 


4 ' 


Normal ized 


Test 


Sub-Field 


Languages 


Soc. * 


St. 


Math ' " 


Science . 


Rank 


Score 


Chemi s try 


A 


'.67. 


3 


68. 


5 


68. 


4 


1 0 . 


2 


69. 


5 


66.9 




B 


66 . 


4 


67 . 


2 


67 . 


\ ) 


69. 


6 


tL O 

DO, 


5 


65.6 




C 


64. 


1 


65. 


7 


65 . 


1 / 


o6 . 


3 


d5 . 


o 
O 


63,4 


Earth 


A 


64. 


1 


64 . 


2 


64. 


0 


63. 


8 


■ 65. 


6 


66.0 


Sciences 


B 


64. 


3 


bo . 


2 


65. 


1 


67. 


6 


66. 


7 


64, 5 




C 


63. 


2 


64 . 


3 


62 . 


6 


c / 
d4 . 


Q 
O 


d4. 


y 


63. 8 


Bio- 


A 


62. 


3 


63. 


Q 

J 


63, 


3 


64. 


6 


62. 


9 


60, 2 


Sciences 


B 


63. 


9 


65 . 


7 


64. 


0 


66. 


1 


65. 


2 


64, 2 




C 


65. 


9 


Ob . 


7 


66. 


1 


68, 


2 


67, 


7 


64.6 




D 


63. 


5 


64 . 


4 


62 . 


8 


65, 


6 


d5 . 


1 


62.6 




E 


65 . 


0 


66 . 


0 


65 . 


4 


66 , 


9 


66. 


7 


65.5 




F 


63. 


6 


64. 


4 


62 , 


7 


63 . 


5' 


64. 


3 


62.2 




G 


62 . 


5 


63. 


3 ^ 


61 . 


4 ' 


64 . 


1 


63. 


5 


62. 3 




H 


63. 


2 


64. 


3 


62 . 


1 


64. 


8 


64. 


0 


bl . 0 


*^T^s ychology 


A 


63 . 


6 


t)4. 


5 


62 . 


6 


64. 


3 


64. 


6 


66, 3 




R 


64. 


I 


6^^ . 




62. 


7 


63. 


7 


65. 


3 


66, 5 




C 


63. 


0 


63. 


7 


60. 


8 


62, 


8 


63. 


, 7 


64.9. 




D 


63. 


5 


63. 


7 


61. 


l" 


62. 




63. 


, 7 


63. 3 


Soc ia 1 * 


A 


64. 


9 


66. 


t^ 


■ 64. 


7 ■' ■ ' 


65. 


4 


66. 


3 


\i .J . L. 


Sc i ences 


B 


66. 


2 


67 . 


8 


64. 


2 


64. 


8 


66. 


, 6 


^ R /. 

D J , H 




C 


65. 


7 


67 . 


4 


62. 


9 


64. 


5 


66. 


,4 


65. 1 




D 


64. 


B 


65. 


6 


62. 


4 


64. 


3 


65. 


, 7 


63. 8 




f: 


64. 


8 


65. 


0 


62. 


1 


64. 


0 


65. 


,6 


64. 5 


Arts and 


i\ 


6^:;. 


3 


b7 . 


4 ' 


64. 


0 


63. 


5 


68. 


3 


67.4 


Prof s . 


13 


6?,. 


7 


6 7 . 


5 


66. 


1 


67. 


2 


68. 


0 


67. 5 




c 


66. 


1 


66 . 


9 


64. 


8 


65. 


6^; 


. 66. 


8 


65.0 




D 


64. 


7 


64 . 


6 


61. 


7 


63. 


2 ' 


65. 


2 


63. 0 


Educa t ion 


A 


o4- 


4 


b4. 


3 


64. 


2 


66. 


3 


65. 


, 9 


61.9 




B 


63. 


5 


64 . 


0 


61. 


0 


62, 


8 


62. 


, 7 


59.9 




C 


62. 


4 


63. 


3 


61 . 


1 


62, 


2 


63. 


2 


60. 5 




D 


^ o2. 


8 


63. 




60. 


9 


62, 


1 


63. 


0 


62.0 ■ 




. E 


ol . 


6 


62 . 


8 


> 60. 


1 


61. 


2 


61. 


,6 


60.0 




F 


61 . 


9 


6Z 




60; 


9 


62, 


1 


61, 


, 8 


60. 2 




c; 


60 


1 


60. 




59. 


2 


59. 


8 


SO. 


9 ^ 


58. 1 



•j/he v.-rious' fields, vill) the .jui.-i ieKd groupings shown in Tnble 16, are 
given below with the tine fields included within ench group. There are no , 
listings for m.-themrt ics , physics, . nd engineering, because it was found that 
their sub-field' profiles did not vary to r. stat ist ically aign if icant degree - 
Some of the other fields show sub-field profiles which-are ohly marginal in 
signlf icpnce. However ,' wherever even marginally-significant data appeared, 
they were included for such value as they migh^have. ■; • 



Chemis try 



Er.rth 
Sciences 



Bio- 
Sciences 



Psychology 



Socio! 
Sciences 



Arts and 
Profess i om 



EduciU ion 



A cnalyticri, nuclear, theoretical 
B organic, inorganic, physical 

C Pgrtcultur.-^l , pharmaceutical, other end general 
A mineralogy, petrology, geo- chemis t;]?y 

B geo-physics, til^rology, geomorphology ^ meteorology, oceanography, 

structural geology, applied, other and general 
C strat igr.nphy , sedimentation, paleontology 

A agricultural and r'^.ated 
B medica 1 sc iences 

C biochemistry - ^ ; 

D physiology, pharmacology, pathology ' ; 

E biophysics, biometrics, ecology, genetics, other and general 

F botany and phytopathology 

G 2:oology and entomology 

H hydrobiology and microbiology 

A comparative, physiological, experimental 

B industrial, personnel , personality , psychometr ics , social, other 

and general 
C clinical 

D counseling, developmental, educat^ional , school 

A econoniicB, economelrics , statlst/cs 
B history 

d geogr.'l^iy, political science and public administration, 

international relations, other and general * 

17- soc iol or\y 

E rnthropol o^'.y , rcheol ogy j social work 

A En-lish, foreign languages, linguistics ^ 
i B ph Mosoph^/ , other and general A 

C professional fields (business administration, home economics, 

law, journal ism, library science, religion and theology) 
D artr, (rino and applied ..rt/, music, speech -and drama) 

A sc ieni-e e^lucat ion 

B elementary education 

C second. r\' mlucation 

D foundations, educational psychology, measurement . 

E administr; t ion and supervinion • 

F guidance, counseling, speech education, a^udio- visual aids ^ 

G physical education 



. . .phyflTicfal sciences 
A few comments on sub* fields within each of the ten general fields may be 
in order. As mentioned earlier, the sub-field profiles within math, physics, 
and engineering were essentially interchangeable. In chemistry, the gub- field 
profiles are distinguished only in general elevation, being very similar in 
form. In the geo-sciences , it is doubtful that the profile variations have 
much significance, but they are presented for examination. These fields are ' 
rather heterogeneous and ^he numbers of cases are not large. The profiles of 
the A and B groups cross in a way that is typical of a rural-urban difference, 
but It was not feasible to explore this possibility within the limits of the 
present study. i 

...form vs. function? 
Within the broad bio- science category, the agricultural sciences group had 
in general the Idlest profile, except in math and social studies CPA's. The 
biochemists were the highest on the achievement variables, but were exceeded on 
aptitude by the very heterogeneous group D, which includes more interdisciplinary 
elements than any of the others. This may give a clue as to the type of person 
who tends to go into the small, heterogeneous or Merging fields. One way In 
which the fields of biology can be grouped is of interest, as It shows a general 
separation of level but no great variation in form of profile: those fields 
which are concerned with basic processes and which involve the most quantita- 
tive treatment of data are generally higher all across the board (and particu- 
larly on math GPA) than are those with,-4 major morphological orientation. 

. . , social scientists 
Within psychology, although four groups are presented, there are only two 
profiles that are distinct. Groups A and B have very similar prpfiles, as do 
groups C and D, the latter being separated mainly on measured ability. Al- 
though direct evidence is lacking in the present study, the latter difference 
is believed to parallel an urbanization distinction, the clinical psychologists 
tending to come disproportionately from the largest metropolitan centers. 
Among the other sooial sciences, the profiles run generally parallel, with 
littj^e crossing except for the economics-statistics group, which excels, within 
the social sciences, on math and science, as might be expected. Groups p and E ^ 
are quite indistinguishable in high school ability profiles, and are presented 
separately 'Chiefly because there were sufficient sociologists to have a stable 
profile as a single group. 
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arts and prbfessions 



Within the broad arts-humanit ies-prof essions group, the profiles are 
distinguished mainly by wide vertical separat Loi^s. being little different in 
form except for a few anomalies in the case of the languages-linguistics group. 
This group is highest, as expected, on the language GPA, and also exceeds 
slightly the "philosophy, other, and general" group on normalized rank. The 
latter is unexpected in view of the very poor showing of this group on mrth 
and science GPA. To earn a higher over-all class rank, they must have taken ' 
only a bare minimum of courses in math and science, and concentrated in areas 
in which -they earned the best grades. Within this verbalistic group, ^the for- 
eign language majors generally do somewhat better than the English majors, but 
the profiles are, very similar. 

..."and I taught science and P. E. - . - " 
Education is the last major group. With the exception of the science 
and elementary educa6ion groups, the profiles are very similar in shape, and 
are distinguished onlyXin general elevat ion-- in which respect variations are 
substantial. The sciencte education gyoup is outstanding amorig the educators 
in science and math Oj^^y anproximat ing the doctorate population as a v;hole in 
these two areas and ^Iso in \ormal ized rank. The elementary education spe- 
cialists lead the rest of thG^. field (except science education) on all four 
GPA*s, but drop below othey groups on normalized rank and test score. The 
normalized rank being esseAtially a composite of the other four fields, this 
'requires some explanation. \t seems most probable that it ah artifact of 
the statistical procedure^^s this group may well come disproportionately 
from small schools, perWaps rutal, as suggested by the drop in test score. 
A statistical artifact is produced in normalized rank in the case of very ' " 
small classes; within a class of ten, for example, the top student, however 
brilliant, can earn a jJ^ercentile rank of only 95; in a class of five, a per- 
centile rank of 90 wojuld be^ithe maximum possible. The second student in a 
class of ten would have a percentile rank of 85; the second of five a percen- 
tile rank of 70. These four percentiles would convert, respectively, to 
standard scores of 66, 63, 60, 55-- illustrating the effect where very small 
classes are concerned. 
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•To sumnarlzc the discuasion of field profiles, it may be Said that there 
are Significsnt differences in both form and elevation for the various general 
doctorate fields; the major separation on both form and elevation is in the 
area of math and science achievement. The physical science fields are out- 
standing, as expected, in math and science CPA's; they are also outstanding- 
in general prof ile elevation. Those fields which have the highest generaj. 
profiles are also the most homogeneous; the sub-field groupings attempted in 
this study shoved no significant differences within the doctorate fields of 
mathematics, physics, and engineering. Within the other fields, separations 
in general level were frequently observed, but only occasionally were the 
shapes of the profiles significant J)y different within a major field category. 
There were hints as to the possible significance of choice of subject, and 
avoidance of subjects in which students felt they would do poorly. All of 
these factors will be examined in a somewhat different manner in the following 
chapter, which will attempt to show in a quantitative fashion the degree of 
separation that is possible, taking all the high school data together in a 
manner which optimally weights each element to permit a distinction between 
those who later specialize in various doctorate disciplines. 



CHAPTER VI MULTIVARIATE .ANALYSIS 

The objective of the multivariate analysis conducted in this study was 
to state in an objective and quantitative form the degree to which people who 
obtained degrees in the several doctorate fields could be distinguished from 
one another on the basis of high school data alone. Each item of available 
information from the high school is correlated with the eventual choice of 
doctorate field and with all other items of information. On the basis of 
this matrix of inter-correlations, those items which falser iminate are sorted 
out and optimally weighted to maximize the discrimination. Several different 



methods are then available to express this discrimination in objective, quanti- 
tative fashion. This chapter will describe the choice of cases for analysis, 
provide a simplified (perhaps over-simplified) description of technique, sum- 
marize the results of this analysis, and compare these results with those ob- 
tained on the 1958 cases. 

' ...by field and sex 

The first decision was to analyze separately the men and the women. This 
provides a more rigorous test of technique and ^of the influence of ^ligh school 
data alone, as can be seen by the fact that separation on sex alone would tend 
to sort out the doctorate-holders by general field. There are very few women 
physicists, engineers, or geologists, relatively few chemists or mathematicians 
and 9onsiderably more women in the other fields. The next decision wds to at- 
tempt two levels of separation: the five general fields, using both men and 
women, but separately, and then the five fields of the physical sciences, using 
men only. These stages will permit maximum comparison with the field pattern 
data described in Chapter V. 

^ . . . stratif ied-random selection 

Oti^ of ^e requirements of the multivariate analysis program empio'yed here 
was that coTT^ete data be available on each case. This restriction elimiTi^itJ|(l, 
a substantial proportion of the cases which have been included in all the pre- 
ceding analyses. All of those that remained could have been used within the 
field avid aex categories described in the preceding paragraph. "But it was 
.deemed cumbersome and unnecessar}^ to use them all. Rather, a selection tech- 
nique was used to provide smaller but representative, samples . For -the five ' 



general fields, the male .sample had 200 men in each field: the physical 
sciences, bio-sciences, social sciences, arts and professions^ and education. 
Within 'each of these fields, selection was made on a s.tratifted basis, to give 
the sub-fields representation in proportion to their occurrence in the general 
doctorate population. Within sub-fields, selection was by a random process. 
Essentially the same procedure was used with the women doctorate-holders, but 
there were not enough of them to provide 200 for each field, so the analysis 
proceeded with the following numbers for each of the five fields, respectively:' 
39, 101, 159, 144, 132. In the male sample withi^^ the physical sciences, the 
numbers were as follows: math 42, physics 74, che^iistry 200, geo-scierices 33, 
engineering 116. These are "in approximately the right proportions for the ^ 
years covered in' the present analysis. • , ^ ^ ■ ^ 



...random deviations 6n ability measures 

V' 

As must be expected when a smaller sample is drawn from a parent population, 
the ability profiles of the analysis samples were not exactly the same as for 
the total group. The deviations were within the bounds expected on a random 
sampling basis, however, and show the same characteristic patterns found on. 
the total group and described in Chapter V. Table' 17, below, gives the stan- 
dard score means of each sample on the six achievement and aptitude variables 
for which comparisons are available. Oth.er measures used in the analysis, but 
for which comparative data are not availabV^; are here omitted as essentially 

meaningless, although useful in the discriminant analysis. 

. «^ 

Table 17 

Means, on Six Variables, for Tliree Multivariate Analysis Samples 
I GPA 1 'gpA 2 GPA 3 



Sex and Field 


Languages 


Soc. 


St. 


Math 


Men 


Physical Sciences 


66. 


4 


66. 


9 


68.2 




Bio-Sciences 


61. 


8 


63. 


3 


60. 9 




Social Sciences 


64. 


0 . 


65. 


9 


61.4 




Arts 6c Prof's. 


66. 


1 


65. 


6 


62. 9 




Education 


60. 


7 


.61. 


9 


58.4 


Women 


Physical Sciences 


7 1. 


6 


70. 


2 


71. 1 




Bio-Sciences 


71. 


, 1 


70, 


4 


69.0 




Social Sciences 


71. 


,0 


69, 


,2 


67.4 




Arts 6c Prof's, 


72. 


,4 


70, 


, 5 


68.0 




Education 


67. 


-J 


66, 


,8 


62.9 


Men 


Mathema t i cs 


69, 


, 0 


69, 


, 1 , 


71.0 




Physics 


67, 


. 5 


66 


. 7 


70.7 




Chemistry 


65 


. 6 


66 


,0 


66.2 




Geo-Sciences 


63 


.4 


66 


. I 


61.9 




Engineering 


66 


. 5 


67 


.6 


68. 5 



GPA 4 


Normalized 


Tests 


Science 


Rank 


Score 


69.7 


69. 


0 


66.0 


64.3 


63. 


4 


61.2 


63.3 


64. 


7 


65.0 


63.9 


66. 


4 


65.8 


61.0 


61. 


4 


59.5 


71.2 


73, 


4 


68.7 


71.2 


. 71. 


, 9 


68.0 


68.8 


70, 


. 5 


67,. 7 


68.4 


72, 


. 6 " 


67. 5 


63.3 


66 


, 9 


61.5 


70.6 • 


71 


, 1 


69.1 


70. 7 


69 


. 6 


68.3 


6a. 2 


68. 0 


64.4 


64. 1 


64. 5 


64.8 


69.7 


69. 1 


65. 1 
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options exercized indicate interest 

In addition to these standard six ability measures, counts were made of 
the number of courses Available but not taken in each of the four areas repte- 
fr^ented by CPA's in the foregoing table. There is some uncertainty regarding 
^^the availability of'^urses in sotne of the cases; the schools were asked to* 
state whether courses listed on t^e form, but not taken by the student, were 
available at ther time the student was in school. In some cases this information 
was provided by the school; in some instances it could be deduced from the re- 
cords of other ^students at that school for approximately the ^ame time period; 
in some instances the informat ion on. availability was missilig.i^ To the extent 
that the data are.^reliable, however, It is felt that they represent a measure 
of the direction of the student's interest, and hence sftould be useful as a 
supplement to the ability measures. In addition to these measur^ relating 
to the student, three high school measures were available, having to do with 
/ size of graduating class, public vs. private control, and, within the private 
*\ sector, church-related or not. It was these 13 measures or categories that 

^formed the basis for the field d/Lscriminations described below. . . 

* ' > ' ...a swarm of bees in- discritninar^ space 

To picture the results of a multivariate analysis , let us start fty visual- 
izing a hive of ^'swarming". They are in, flight, cent^rtf 4 around the queen 
bee but d ispors ed/ou t frcxn this center in a wide , envelope, denser at the center 
and sparser toward the outer edges, with some strays far from the main swarm. 
The queen bee in this analogy we will call the "group centroid". 'The whole 
swarm is analogous to the PhD's in one field of specialization. Now visualize 
four othe.r similar sv;arms all in the air at the same time and partly intermixed 
with each-mother and the first swarm, but each tending to cluster around its ov/n 
queen. The five queens would be the five field-group centroids. Although such 
*a simultaneous swarming is a. most unlikely event in nature, the analogy may 
' serve' us well here. Suppose that we were now- to classify the bees according to 
their nearness to a given queen, whether their own or not. This would give us 
the analogy to the classification of individuals accoring to their high school 
data, We could then compare the results for the whole se^t of 1000 bee3--or 
PhD's. Each can now be de^signated by his own actual field and by the field to 
which he is assigned on the basis of an optimally-weighted combination of scores 
from the high school data. 
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I * ;^ « ... latitude, longitude, altitude 

The statistical procedures of, the multivariate analysis ^flyrst describe the 
"discriminant aptfce*' in which the five hives of bees are swarming. : In our an- 
alogy, these would be a north-south dimension and an east-wes t dimension, like 
the familiar map coordinates, and. altitude. As it turns out, the swarms are 
not Separated much in altitude--none get vpry far from the grpund. They are 
sprea^ out more in a north-south direction than they are ea^t -and-west ; about 
two thirds of the discrimination* can^be obtained by use of the north-south 
separation alone, about one fourth by separating on longitude, and leSs than 
10% by altitude separation. Figure 6 provides a two-dimensional map, with the 
group centroids (the gueen bees) located appropriately. There are two sets in 
this case, one for the male PhD's tn tbJe five general fields, one for the femal 
On the map it will be noted that ^here jare differe itiude markings for the 

males and the females, but one scatle ^fuffices for differentiation of longitude 
The spread of the swarms of b^es (phD' s) , abour eaj;h bf^^^^hfese group centroids 
will have to be imagined 'from the furtlher data describing the ability of the 
multivariate system to sort them out. A great ,deal of overlapping occurs, as 
will be seen. * 

, , , f or the statistically sophisticated 
In the description in this report we will limit ourselves to the non- 
technical analogy, recognizing that to the statistically sophisticated this 
may. be a somewhat unsatisfactory account. For a description pf the multivari- 
ate techniques involved, the reader is referred to Mult ivaria|te Procedures for 
The Behavioral Sciences by William W, Cooley and Paul R. Lohnes (Wiley, 1962). 
For the statistical data of th^ present study, other than the class if ication 
matrices, which will be pr^esentied shcrLly, see Appendix F , We will introduce 
only one term here, , which will be found useful later:, the trace. This is an 
index of the over-all discriixiination between groups that is achieved by the 
statistical analysis. The square root of the trace is approximately equal in 
significance to the imiltiple cor/iel ation in the more familiar regression analy- 
sis. It will bo usod in this chapter In this way to lirtk these t^esults wi^h 
those achieved in father studies }yy correlational methods, ^ ( 



«M / • ^ /...latitude, a nwth-science dimension 

V - i' \ , 

The. first dimens4.on derive^ from the analysis of the 13 variables and their 

felatl<onship to the /f ive g^neraj. fields iis ^a-YdJath- Science dimension, as might be , 
exp6c tied from examination o)f trKe f ield^^rof iip^ in Chapter V. This dimension - 
involves ability, as shown by the CPA's, but Includes also' the t^dency tQ take 
math and science courses when they are available, and ^^-o-^avoid opti'onal sj^c^al ^ ; 
studies courses (too little challenge?). Persons high oh t^ifs dimension ar4 ^ 
relatively non-verbal, obtaining higher marks iti math and science :^j»bjects ^han . 
in^l^glish and foreign languages (It would not follow ^that tfieir English grades 
wetie'V'oor,) This dimension is rather unrelated jto intelligence test measure^, 
whlcji are chief Ij^lverbal . It is a dimension .which tends to distinguish the 
people who^ eventually choose one of the "hard/sciences" rather than some other 
field of specialization. It accounts for about two thirds of the discrimina- 
tion ^mong the five general fields---more than twice as much as dries the Second 
dimension, ; 

. ... longitude , a verbal dimension 

The second dimension is a verbal one, and accounts for about one fourth of 
the discriminant space. People scoring high on this dimension do well oia the 
intelligence tests, in English and foreign languages, and achieve relatively 
high standing in their graduating class, do relatively poorly in their science 
courses, and avoid science where possible, concentrating on the more verbal sub- 
jects. Interestingly enough, they do not avoid the math courses. There is some 
tendency for persons high on this dimension to come from private rather than 
public schools, particularly from the independent rather than the church-related 
ones. They tend to eventually earn doctorates in the arts and humanities, are 
fare in the bio-science and education fields. 

...altitude, an uncertain dimension 
The third dimension is much less distinct in meaning. Its strongest 
characteristics are that the people high on this dimension are low \n science , 
CPA, and tend to avoid science courses. This dime^nsion is negatively related 
to test score but positively related to normalized rank, positively to school 
size, and is likely to be more characteristic of people in the arts and educa- 
tion fields, less characteristic of psychologists and social scientists. This 
is a weak dimension, in addition to being somewhat indistinct in meaning. It 
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Figure 6 

A Statistical Map Locating Five Field-Group Centroids in a ^o-Dimensidnal Discriminant 
Space, Scaled in Latitude f^r Separate Analyses for Men and for Women 
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accounts for only about 7% to 87o^of ^ the discrimination among the five general^ 
'.fields'. There is also a very weakfourth dimension, which should not be taken 
seriously, as it accounts for less than 3% of the discrimination found. Four 
dimensions (n-l) arc the maximum possible in a situation with only five gtoups 
.to be "distinguished; this fourth dimension probably has more "noise" than "sig-/ 
nal" in its make-up, and will not be further, discussed. 

■ " V "' . ' 

' . ...and now to jpo^^ bees 

/We may turn now from the description of the dimensions q-f the discriminant 
space to our bee-swarm analogy and the problem of sorting the bees according 

; to any of various ^systems. The objective is to assign as many bees as possible 
to their proper swarms solely by use of the data of their latitude, longitude, 
and altitude in relation to the group centroids, and our knowledge of hOw the 
various swarms are dispersed around the centroids. Having made the classifica- 
tions by whatever system we choose, we^ then, in effect, ask each bee wl>at swarm 
he really belongs to, and compare ^oUf assignments with the actuality. The per-; 
ceut^ge of correct assignments we will (^11 the "hit rate".^ As a point of re- j 

-:^ence in evaluating this hit rati, we .camrecall that , with five equal groups, 

as in the five general fields withjn^i^ doctorate-holders, we would achieve a 
'20% hit rate by a random process a/(one. In the cases of the groups of unequal 
size the random-hit percentages would vary according to the relative frequencies 
of the several groups. 

, . , two geometric taxonomies 
Actually, there are several ways of assigning bees to a given classifica- 
tion swarm, or PhD's to a given "classification field". One could depend solely ^ 
on the -distance of each individual bee frpm the .five queens , or. group centroids. 
This introduces a matter of metrics. We have three dimensions, but we can modify 
the metric by introducing the concept of gr^up dispersion, and measure the dis-r 
tancG iti "centours". This term is a combination of percentile and contour, the 
latter adapted from the contour lines of a topographic map. If one is dealing 
in three-dimensional space, as here, the contour lines aiout the queen bees be- 
come a series of envelopes. The "elevation" between the envelopes we would 
measure in terms of the percentage of the swarm of bees, and hence term these 
contour-envelopes centours. Each bee can be located in terms of the percantage 
of bees farther from the queen than he is. This can be done for all five queens. 
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giving hiro five centour scores. We could then simply classify him in terms of 
the group in which he has the highest centour score. This is essentially the 
technique of Method I, the results of which are shown' in the ensuing tables.. 
Or we could get mote . sophisticated and take into consideration the relative 
^izeof the five swarms and the closeness or looseness, of the dispersion of 
the individuals about each centroid. This is the technique of Method II. As 
will be seen, the results are somewh^ different, depending on the circumstances 
of the individual analysis. Other techniques also could be developed, but these 
will suffice for the purposes .of the present report. 
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T^le 18 . • 

iminant Classification of Male PhD's in Five General Fields, 
Basis of High School Deta, Using Two Different Methods 



Method I 
Classification 



Actual 



Phy. 


Bio- 


Soc . 


Arts , 




Sci. 


Sci. 


Sci. 


Prof. 


Educ 


118 


26 




23 


12 


.46 


52 


31 !« 


20 


51 


32 


20~ 


58 


45 ■ 


45 


32 


10 


42 


85 


31 


13 


24 


24 


41 


_98 


241 


132 


■ 176 


' 21i 


2 37 




Hit 


Rate = 


41. 17o 





Method II . 
Field of Classification 
Arts , 

Prof. Educ, 

16 3'5 
35 : 26 

■12 ■ 25 

.. 35,.v/;79 



Hit Rate = 41.47„ 



Doctorate 




Phy. 


Bio- 


Soc. 


Field 


N 


Sci. 


Sci . 


Sci. 


Phy. Sci. 


200 


145 


24 


13 


Bio-Scl. 


200 


63 . 


63 , 


, 2^3 


Soc. Sol. 


200 


48' 


,37 


54 


Arts, Prof . 


200 


* 48 


18- 


36 


Educ. 


200 


20 


' 44''-;^ 


22 


tpcal 


1000 


324 


186 


148 



The cases underlined in table 18 are- thos-e which lie along the diagonal, and " 
Include those where the 'field of classification and actual doctorate field are 
the same. These are the "hits" and thftir total number divide^ by- the rtumber of 
■cases in the whole table, gave. tlu:hirrate. In Table';i8, although the men are 
differently assigned by the tvo n,..t-hods-, . the over-all hit vsttie is essentially 
the same for che two methods. Ar; another way of describing the amount of dis- 
crimination, one may consider ib-e square root of the "trace". It precedes and 
is not dependent upon the method of classification. In the case of^the 1000 
male PhD's in" five general fields, v/trace, = .72. As men tio),j*«rear 1 i er , this 
can be considered the numerical t^'|uivalent, fo/ this^s^rfof problem, of the 
multiple correlation coef fici.v.it . 
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Table 19 . 

Multiple Discriminant. Classification of Women 4*hD's in Flv^ GerierSl Fields, 
. On the Basis of High School Data, Using Two Different Mettl^ds 

Method I ' u Method' 1,1 





Field 


of Classification 


Actual 




Field 


of Classification. 




Phy. 


Bio- 




Aijts, 




. Doctorate 




Phy-. , 


Bib- 


Soc. 


Arts', 




Sci, 


Sci. 


Sci. 


Prof. 


Educ. 


Field 


N 


Sci. 


Sci. 


Sci, 


ProjE^, 


Educ . 


21 


4 


1 


10 


3 


Phy.Sci. 


39 


2 


20 


6 




3 


45 


20 


15 


10 - 


11 


Bio- Sci. 


101 


0 


52 


31 


10 


8 


20 


20 


34 


48 


37 


Soc. Sci. •, 


159 


6 


29 


70 


35 


25 


26 


11 


11 


64 


32 


Art s, Prof 


i44 


1 


12 


41 


57 


23 


13 


10 


11 


22 


lb 


Educ. 


132 


0. 


16 


27 


18 


n 


125 


65 


72, ■ 


;i54 


159 


Tot^l 


575 


# 


139 


175 


128 ; 


130. 




Hit 


Rate = 


37.47o 










Hit 


Rate = 


43.8% 





In the case of the women, it will be recalled, there were only 575 cases, 
rather than 1000, and they were not distributed unlforitily across all fields. 
The same general dimensions of discrimination were found, as shown in Figure 6, 
and the general level of discrimination was found to be very similar: the v trace 
was computed at .68, rather, than. . ?2,^the oveK-aKJ^index for . the men, . The same 
two imetjicx^ of classification were^^mployed, but, as might be expected because 
^he numbers of cases in the several fields were unequal, the results of the two 
methods. are not quite the same. Method II, which takes into account the fact 
of unequal numbers and group dispersions, pjtoves to be a bit superior, as shown 
:vin Table 19, V - ' 

^ ...for men only 

The^third analysis concerned the shrec-out of the physical science, field 
into its five component fields of mathematics , physics , chemistry, geo-sciences, 
ah<?[ engineer ihg. In this case, as might be. expected because the group is moi^ . 
homogeneous, the discrimination is less effective. The^/^tr^ce is only .60, ^a 
small but probably reliable difference which can be attributed to the fact that 
we Vre 'shooting at a_s^ewhat smaller target. The classification matrices for 
the physical sciences grou>-^are shown in Table 20. 
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Table 20 



2 


6 


21 


. 1 


12 


0 


13 


35 


1 


Z5 


0 


11 


160 


■■' , 6 


■ 23 


0 


0 


21 ' 


8 


• 4 


2 


5 


60 




45 


4 


35 


297 


' 20 


f 109 



* . Multiple Discriminant Classiflpation of Men in Physical Sciences ' 
Into Sub-rFieldB .on the Basis of High School Data 

Method 1 i~ Method II 

Field of Classification Actual . F^fld of Classification 

Doctorate . 

Math Phys. Chem, Geo-S. Engin, Field N Math Phys. Chem- Geo-S. -^^ngin, 

10 15 4 3 10 Math 42 

9 29 11 8 17 Physics 74 

^15^ 33 V 78 • fl 33 Chem. 200 

Z 2 3 r9 7 Geo-S. 33 

10 29 14 19 44 Engin. 116 

46 108 110 .90 111 Total 465 

^ ;;;> " Hit Rate = 38.7% ^ . Hit Rate » 49.0% 

■ ". • - .* . . ' '■ ' 

. It may seem paradoxical that the highest hit rate is achieved in the case 

where the over-all discrimination is lowest. This is achieved, however, by 
Method II. which takes advantage of the extraordinary concentration in the field 
of chemlttry. Actually, an arbitrary assignment of all cases to chemistry would 
achieve a hit rate of 200/465, or 43% in this particular instance. The hit rate 
is thus not an unambiguous method of evaluation of a classification system when 
the numbers of cases in the categories to be distinguished are widely different. 

; . ...a discriminant summary 

■ . - ■ 3 ■ , 

■ ■ t I ■ 

The quantitative evaluation of the degree to which doctorate-holders can 
be separated into, their eventual fields, of speci^izatioji on the basis of high 
school data alone has been shown by several indices. We may consider the over- 
all index, -/trace, as being the most convenient summary statistic. It ranges 
;fjrom .60 to .72, values which some statisticians equate with multiple corrfela- 
,;^i^n^!^,coef fi^ the same magnitude. Or one may consider the "hit rate" 

''^lkieS'^t:^^'-^9^seB are classified into five groups on the basis of the high school 
data aiqn^^^^^^^^ latter method gives about 40% correct classifica- 

tion--about twice as many as would be achieved by a purely random method where 
the f iveyfeategories are equal in size. This is about the same as was found 
•pteviously for the 1958 doctorate-holders. In that caseV.Hpw^ver^separate 
analyses by sex were not attempted. In the present case,^^ditional data in . 
the fortJi of language and social studies GPA^s were available. As a conse- 
quence, it may be said that the additional data has helped the discrimination 
but perhaps only marginally so. 

67 



CHAPTER VII CONCLUST:ONS 

Despite f.he mas . '-rive' Incirea.'j o in doctorate production, there has been, no ; 
TTieasurabLe ch.rag.,- in abillr-y Level of t:hs PhD's, (p, 26) 

Th<? doctorale-^hoLJcrs ave, or- iho average,! 1/2 s tanoard devi,at Ions dbove 
the mean of the gFritral pci-pulation' la measured afcijitye (p.*25) 

A ratKjom samp^e-oJ? the girls graduating in the same classes as .fchfe* doctorate- 
hoUlers scored {^'lightly lovvecUhan their male counterparts ^oi^ standardi^ec 
't-esui?',^ ^ut a(;hieved bc:(:ter grades , particularly 'in verballstic subjeqi;s. 

(p. 17) ■ ^ ' ' - • > , - ' ' 

Women doctorrice-uo^-i^^rs/arcv-^^tocV^^ i^o their male' counterparts on ail aiea- 
sures derive^ ^-^'''^^^ -^^J^;^- --^h'-^t,-) !. records, in all fields of sjpecialization. 
Those who were married l:he time they achieved the doctorate -ate superior , 
to their spinster col. i eapv^e.s , (pp. ^-32)., " 

Among the. niiile Phv^e, i:ho^3rj who were sin^^le at the time of doctorate gradua- 
Hoc vjeiro ^iu- erior in high' school - co ;.boir colleagues who were rn^fift.ied at 
the t:i.me chey reccivo-J cluj doc -..or-al: v\ 'ftac l^^ probably because superior . r. 
.st.ideat^' complete the d -gr ai. yviuinr^^'i^" ijige , and' hence ^h a lower marriage 



i .\ 'J >:ed abi. i. i-ty tollcw thg' ^ame generai^ .pattje^^j^v^'^^^g^^ 

H'L-^h^fi-t .:;ccre^: uore v'j-irv-i l a ton norther^sn />Iow^:sr i>fe. the ;:Vout:h^. ,^(p.. 3?6) 



Re y^x o p a i l i. i j i' -C" nc e - 



Me.^cjurev'. aai'-'-ty^by school '~yp^ -.lUo :-.cini;' hierar-chy for doctorare- , ■\ 

holdeti^ 37) and choic non'-doctorate c].sssxiiates (pp. 18-19); i udopei-oenl' 

schools aire h.lghest, denominat ioaal -^s choolb i'al'ermediate, and public ^:caooIs . 
lowesi:, alttiGugh regional var j atious^ ar^r: evldenr., "(p. 38) 

■rs^rikin[; aI)i'.i^y d lA^fer^nct s , appear, whoii tha various doctorat- fields -a res com- 
pared. (.5 , S-)) Th- ''h-r<' Swi '^^^ce^■'' a::o bl^;hesvt in a\l fields .except lsm^hagi> 
achi.-/emL'ni: , ; cl^^y av'_ •^^'.^eodud onl y by ar^r^-huiuani tios r-ajors. Thi ? 
l-ield h;.er aj:c>^y i ; L'S^; eiA'; l a l ly :h.: i:*i^n)e as t:hat shovni by tne ;£:^vlver r:}tudy of| 



the doctorate recipients of 1958, WitHin the sciences, math and physics 
vie for first place, followed by engineering, chemistry, geology, and bio- 
sciences, in that order, when general level of the profile is considered. 

Outside the natural sclencevS, the humanities are highest, followed by the 
•social sciences, psychology, and education, in general profile level. (p. 41) 
V ■ • ^ 

Pattern or shape of profile in high school achievement and aptitude also 

differentiates the fields, even such similar fields as mathematics and 
physics. Two general types appear: those high iri math and science GPA, 
and those ^rtriatively low in^these subjects (math, physics, chemistry and 
engineering are in the first group; all other fields in the second). (p. 40) 

Within these two general types, differences are usually where they would be 
expected: mathematicians have their highest score in math GPA; all natural 
science fields n science CPA; arts-humanities^ majors have their highest 
scare in languages; social scientists in social studies--and psychologists 
in aptitude tests,' 

Sub-fields within the ten gener al , f ie 1 ds are sometimes clearly differentiated 
by general level of profile, seldpm by shape o^-,profile, although a few not- 
able exceptions to this rule were found, (pp, 44-48) 

Multiple discriminant analysis permits the extraction of dimensions of the 
high school data by which about, two out of five doctorate-holders can be 
correctly classified into their eventual field of 'octorate, using high 
'school data alone, in a situation where one out of five would be correctly 
classified by a. random process. (pp. 50-59) • ' 

i 

&addiLn)naI informat ion of value for an understanding of the 
"%c. s was collected in the course of this study, but remains 




availing further investigation. 
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Appendix A 

Doctorate-Holders in Analysis Sample, by Type of School, Region^ and Size of Graduating Class 

Total, All School Types 



Region of 
^High School 



TOTAL, ALL 
REGIONS 

^^ew 

England 

Middle 
Atlantic 

East North 
. Central 



« West North 
Central 

ISooth 
Atlantic 

,Ea3t 5outh 
'Central 

W^^t' Sov$h; 
Ceck^tal • ' 

Mountain 



Pacific 



N 

N 

■ N 
% 



Total, 
All Sizes 



1-9 



10-19 



^^^^ — n 

Size of Graduating Class 
20-39 40-59 . 60-99 



100-199 200-499 500 & up 



2 0 440 
100 .0 

1 6 7 6 
1-00 .0 

54 2 o 
100 .0 

iy 2 7 9 
100 .0 

2 3? 3 
100 .0 

170^ 
100 -0 



IC^.O 

'ioaif>.'' 



2 3 3 


9 70 


2 3 3 0 


1860 


2490 


.^995 


60 10 


1 . 1 


4 . 7 


11*4 


9. 1 


12.2 


19.5 


29.'- 


1 6 


S4 


1 7*^- 


135 


21-3 


372 


526 


1 .C 




10.4 


9.2 


12.7 


22 . 2 


31.4 




1 ? 


3 66 


3 20 


S 3 0 


1 1 0 0 


1766 




2 • 


6. 7 


3 . 9 


10..' 3 


20 . 3 


32.6 


2 7 


I .^^ 1 


4^'- I 


371 


5 03 


063 


144 1 


. 6 


, 7 


10 . i 


. 1 


1 1 . S 


20.2 


33.7 




7 I 6' 


/. 3 


299 


307 


408 


460 


2 . ^ 


.3 


19.3 


12.9 


13.2 


] 7.6 


19.8 


If- ■' 


90', ' 


'^269 


211 


'243 


•5 


443 






4^.5.8 


. 12.4 


.14.3 


2 


26 .0 








■ 










? 4 


169 


12V.^^ 


139 


142 


132 




10 - 2 


20 . S 


14.7,.. " 


16.9 


• 17.2 


16 .0 


3 3 


I 16 


, 231 


1 71 


198 


240 


272 




o ♦ 4 


I r. . ? 


l'2.4 


14.4 


17.4 


19.7 




■ ^ 6> 


10 1 


33 


13 1 


' 16 1 


202 




6.3 


11.3 


9*4 


14.9 


18.3 


22.9 



1 . 2 



1 1 1 
5 . 7 



129- 
6.6 



197 
10 . 1 



364 
18 .7 



766 
39.4 



/:552 
12.5 

. 166 
9.9 

11 68' 
21.3 

4 32 
10.6 

126 
5.4 



5.2 

20 
2.4 

97 
7.0 

1 32 
15,0 

' 303 
15.6 



Public Schools 
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TOTAL, ALL 


N 


1 7 I 






7 - 


' 1684 


1369 


1983 


3 43 1 


5 710 


2 6 


REGIONS 


% 


100 .0 ■■ 




I • 


-"■t . 3 


. 6 


7 . R 


11.3 


19.5 


32.4 


14. 3 


























New 


N 


1 I n i 




1 I 


■ ."^ t J 


73 


74 


■ 106 


262 


448 


163 


England 




100 .0 










6.4 


9. 1 


22.5 


3 8-. 5S^-. 


i4:o 


ij Middle 


• N 


s ^\ i> 




1 . 


' 1 


18 9' 


1 66 


392 


93 9 


168 0 


1 145 


Atlantic 


1 


i'^O .0 






I . 


'"4'. 1 


3.6 


8 .6 


20.5 . 


36 . 7 


25.0 


East North 


N 






, ? \ 


\ '--^ 3 


33 0 


2 89 


4 09 


7 17 


1 34<^ 


44 6 


Central 




lOO'.O 




. 6 


^ . 2 


9 . 1 


7.8 


11 .0 


19 .2 


36 . 2 


12.0 


West North 


N 


20 6 8 








370 


248 


2 74. 


363 


447 


17 5 


Central 


% 


lOO'.O 








1 7.9 


12.0 


13.2 


17.6 


2-1 .6 


6.0 


South 


N 


1 4 'J n 




12 


6 I 


203 


160 


203 


3 12 


439 


88 


Atlantic 


z 


100 .0 






4. 1 


13.7 


10.8 


13.7 


21.1 


29 . 7 


6.0 


East South 


N 


7 17 




1 r 


6 5 


134 , 


107 


119,, 


13 3 • 


1-28 


20 


' Central 




100 .0 




1 . 3' 


9 . 1 


18'. W 


3^f'.:';U4 .9 

>■ ■ 


16.6 ^ 


18.5 


17.9 , 


2.8 


West South 


N • 


127 1 




23 


109 


' ?A0' 


15 7, 


. 184 


2 15 ' 


26 7 


97 


Central 


7o 


100.0 




1 .8 


8 .6 


; 1 7 . 2 


12.4 


14.5 


16 :9 


2l'.0 


7.6 




N 


R 38 






5 1 


89 


" .73 


127 


154 


199 


130 


Mountain 




100 .0 






6.1 


10^6 


8.7 


15.2 


18.4 


23.7 


■ 15.5 

■ "W 




N 


1770 




13/ 


■ 3 1 ■ 6 


69 


95 


162 


336 


75 3 


302 


Pacific 




100 .0 




.8" 


1.8 


3.9 


5.4 


9.? 


19.0 


42.5 


17.1 



Appendix A, Continued 

Doctorate-Holders in Analysis Sample, by Type of School, Region, and Size of Graduating Class 

Denominational Schools 



Regi6n of 
High School 



TOTAL, ALL 
REGIONS 

New 

England 

Middle 
Atlantic 

East North 
Central 

West North 
Central 

South 
At lant ic^ 

East South 
Central, . 

West South 
' Central 

Mountain 



Pacific 



TOTAL, ALL 
REGIONS ^ 

New 
England 

Middle 
Atlantic 

East North 
Central 

West North 
Central 

South 
At 1 ant iiC 

East South 
Central 

West South 
Central 



Mountain 



Pacific 



Total, 

All Sizes 



1-9 



10-19 



20-39 



40-59 



60-99 



100-199 200-499 500 & up 



l.".^; 1 
100 .0 

17 b 
100 .0 



100 .0 

100 .0 

.-^0 4 
luO .0 

■ 100.0 

70 
100 .0 

^7 
100 .0 



100 .0 
/ 

1 ?.9 
100 ,0 



4 0 
2 . 1 

? 

1 • 1 

7 

I . ? 
.9 



1 

.7 

5 

7 . 1 



3 ,9 



1 30 
7,0 

1 1 
6. 3 

33 
5. 7 

1 6 
1 . 7 

?0 



1 - 
1 0 , ■ 

14 
20 .0 

6 

5 

1^.6 
7,0 



399 
2 1.4 

20 .0 

10 5 
1H,0 

69 
1 • 9 

^9 



J 2 
3 1.4 

2 4 
2 7.6 

9 

?B, 1 

28 
2 1,7 



3 14 
16/9 

3 1 
17.7 

101 
17,3 

t?9 
13,6 

39 
19.1 

3 1 
2 1,1 

b 

U .4 

1 1 
12,6 

8 

25.0 

26 
20.2 



318 
17,1 

40 
22 . 9 

112 
19.2 

72 
16.6 

22 
10.8 

24 
16v3 

10 
14.3 

10 
11 .5 

3 

9,4 

?^ 
19.4 



409 
22.0 

3 3 
18.9 • 

125 
2 1.4 

125 
2 8-. 9 

43 
21,1 

25 
17.0 

7 

10.0 

2 3 
26 .4. 

4 

12.5 

' 2 4 
18.6 



223 
12.0 

22 
12.6 

79 
13.5 



28 
1.5 

1 

22 
3.8 




5 

5,7 

2 

. 12 
9.3 



Independent Schools 



N 

% 

N 

7o 

N 

% 

N 

7o 

N 

% 



96 S 
100 .0 

3 36 
100 .0 

26 2 
100 .0 

1 19 
100 .0 

1 

100 .0 

RO 
100 .0 

37 
100 ,0 

20 

roo .0 

n 2 

100 .0 

4 6 
iOO .0 



B 

3 . 1 

2 

1 .7 



3 .8 
1 

2 .7 

2 

10 .0 

I 

8 . 3 

• 4 
8' ,7 



. 1 

1 7 
S .0 

28 
10.7 

7 
6 

.11,8 

1 3 
16,3 



13,5 

' 1 
^.0 



11 
23.9 



247 
2^.6 

66 
19-5 

72 
27.5 

34 
"28,6 

19 
3 7.3 

IB 
22, 5 

13 
35,1 

8 

40 ,0 

3 

25.0 

14 
30 .4 



1 77 
18,3 

50 
14,8 

53 
2 0.2 

23 
19.3 

12^^ 
23,5' 

20 
25.0 

^ 6 

1 6 

y 

15.0 

2 

16.7 

8 

17.4 



189 
19.6 

67 
19.8 

55 
21,0 

22 
18.5 

^ 1 1 
21,6 

16 V- 

10 
27.0 

4 

20.0 

1 

8.3 

3 

6.5 



155 
16. 1 

77 
22.8 

36 
13 , 7 

21 

17.6 

2 

' 3.9 

. - .V 
10.0 

2 

5.4 

2 

10.6 

3 

25.0 
4 

8.7 



77 
8.0 

56 
16.6 

9 

3.4 

7 

5.9 

i 

2.0 

2 

2,5 



1 

8.3 

1 

2.2 



1 



.8 

' 2 
. .6 

1 

.4 

3 

2.5 



1 

8,3 

1 

2.2 



EKLC 



7^ 



■ - 6$ - 

/ Appendix B 

Classmat^ by Decile, by Region: Final Analysis Sample 

















Percentile Rank 






■■■ 


Region 




All 


0- 


10- 


20- 


30- 


40- 


50- 


60- 


70- 


80- 


90- 




Ranks 


9 


19 


29 


39 


49 


59 


69 


79 


89 


100 


TDTTAT AT T. 


N 


10831 


1022 


1038 


1080 


iioi 


1176 


1166 


1107 c 


1081 


1038 


1022 


REGIONS 


7o 


100.0 


9.4 ' 


9.6 


10.0 


10.2 


10.9 


10.8 


10.2 


10.0 


9.6 


9.4 


New 


N 


10 Jj 


1 A/. 


Q ^ 


1 HQ 


110 


96 


104 


110 


109 


100 


96 


England 


7o 


100.0 


10.1 


9.2 


10.6 


10.6 


9.3 


10.1 


10.6 


10,6 


'9.7 


9.3 




N 


2995 


266 


300 


298 


312 


320 


323' 


312 


298 


300 


266' 


Atlantic 


7, 


100.0 


8.9 


10.0 


9.9 


10.4 


10.7 


10.8 


10.4 


9.9 


10.0 


8.9 




N 


2882 


270 


265 


303 


285 


310 


319 


285, 


■ 303 


265 


277 


Central - 


% 


100.0 


9.4 


,9.2 


10.5 


9 .9 


10.8 


U.l 


9.9 


10.5 


9,2. 


91.6 




N 


1 290 


144 


112 


121 


' , 146 


146 


134 


136 


121 


^2 


-118, 


CentraL 


% 


100.0. 


11.2 


8.7 


■9.4,; 


11.3 


11. !3 


10.4 


10.5 


9.4, 


8.7 


•0"/l 


Sputtx 


M 


/OD 




'm- 7 7 


68r 


■ 70 


97 


86 


70' 




V , 7 J, 




Atlantic 


7„ 


100.0 


ii.o 


9.8 


8.7 


8.9 


12.4 


11.0 


8 .9 




■ * „ 




East South 


N 


235 


19 


. 33 


- 21 


fl 


21 


28 


21 




;/ 23 


Central"^?; 


% 


100.0 


8.1 


14.0 


8.9 


8.9 


8.9 


11.9 


8 .9 


10.6 




♦ 0 8 

, • -t ■ 


West South 


N 


556 


46 


54 


60 


54 


65 


53 


62 




■ % 




Central 


7o 


100.0 


8.3 


9.7 


10.8 


9.7 


11.7 


9.5 


11.2 


10.3 


9 .9 • 


'""^^ 


Mountain 


N 


382 


25 


47 


26 


43 


4? 


47 


43 


35 


40 


34 


7o 


100.0 


6.5 


12. 3 


6.8 


11.3 


11.0 


12.3 


11.3 


9.2 


10.5 


8.9 


Pacific 


N 


673 


62 


55 


74 


60 


79 


7-2 


68 


65 


66 


72 


7o 


100.0 


9.2 


8.2 


11.0 


8.9 


11.7 


10.7 




9.7 


9 .8 


10.7 



I 
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Grade PQiat Average Conver.sion 



GPA I: Languages 
Standard Score 



Original 



61 
6€ 

59 
58 
3 7 
56 



54 
53 
5.2 
51 
50 



GPA 


.0 


89 


76.2 


88 


75.6 


87 


75 . 0 


86 


74.3 


83 


73.7 

■ 


8u 


73.1 


83 


72, 'S 


32 


71.9 


81 


71.3 


80 ' 


70 , 7 


79 j 


70.0 


■/8 .; 




77 ! 


68.8 


76 1 


6a. 2 


75 1 


6 7.0 




6 7.0 


''^ 1 


66.4 


n ! 


65 . 7 


71 1 


65 .1 


70 1 


64 . 3 


69 \ 


1:) 3 , 9 


68 '{ 


6.3.3 


6 7 ! 


62,7 


66 j 


62.0 


65 


6 L . 


64 i 


60.8^ 


" ! 









I 59.0 
1 38.4 

3 7.1 
i 5 6. ,5 
55.9 
53 , 3 

<*i4-. 7 
54.1 
53.4 

52.8 



Charr. i; 


! 

.1 



Language and Social Studies 



76.3 
75.7 
75 . 1 
74.5 
73.9 

73.2 

72,6 
72,0 
7K4 
70.8 

70.2 
69.5 
68.9 
68.3 
67.7 



67 

66 
65 
65 
64 



64.0 
63.4 
6.'. .3 
6 'I . 
61.6 

60.9 
60.3 
59 . 7 

59 , 1 
58.5 

5 7.'; 
3 7./ 
56.6 
5 6.0 
55 .4 



76.4 
75.8 
75.2 
74.6 
74.0 

73.4 
72.7 

72;.i 

71.5 
70.9 

70.3 
b9. 7 
p9 . 1 
68.4 
67.8 

67.2 
66.6 
66.0 
65 .4. 
64.8 

6 -4 . 1 
6 3.5 
6.' .9 
62.3 
61.7 

61.1 
60.4 

59 .8 
55 ,2 
58 .6 

58 .0 
5 7.'-f 
56.8 
56.1 
55.5 



54.8 54.9 

54.2 54.3 
53.6 * 53.7 

52.9 ^33,'* 

52.3 '52.5 



76.6 
75.9 
75 .3 
74.7 
74. 1 

73.5 
72.9 
72.5 
71.6 
71.0 

70.4 
69.8 
59.2 
68.6 
68 .0 

6 7 . J 
66. 7 
66 ._1 
65 .5 
64.9 

u4 . 3 
6 3.6 
t) 3 . 6 

62,4 
61,8 

,61 . 2 
60.6 

60.0 
59,3 
58. 7 

58,] 
5 7.5 
56.9 

56 , 3 
'55.6 

55.0 
54.4 
53.0 
5 3.2 

5 2.6 



76 
76 
75 

74 
74, 

73, 
73, 
72 , 
'71, 
71, 

70. 
69 . 
69. 
68. 
68. 

67. 
66 . 

66, 
"65 . 
65 . 

64. 
63, 
63. 
b2 . 
6 u . 

61. 

60, 
60. 
59 . 
58 . 

53 . 
5 7 
57 

56 
55 

55 
54 
53 
5 3 
52 



8 
2 

5- 
0 



GPA 2: Social Studies 
Standard Score 



Original 
GPA 



.0 



89 
88 
8 7 
86 
.85 

84 
83 
82 . 
81 
80 

79 
78 
77 
76 
75 



/ J 
72 
71 
70 

69 



8 f 68 

2 n 67 

5 jl 65 

S 65 



! 64 

1 « 

1 62 
\ 61 
60 



59 

.5 \\ 58 
,0 \\ 57 
56 







.2 1 


54 


i 


j 53 




52 




■ 51 




50 



74.3 
.73.7 
73.1 
72.5 
71.9 

71.3 

70.7 
70.1 
69.5 
59 .0 

68.4 
67.8 
67:2 
66.6 
66.0 

65.4 
64.8 
64.2 
63.6 
63.0 

i 62. -4 
6)/. 8 
/l . 2 
/60.6 
I 60.0 

5^.4 
58.8 
58.2 
5 7.6 
57.0 

5i5 .4' 
55.8 

55.2 
54.6 
54,1 

53.5 
52.9 
52.3 
51.7 
51.1 



.4 



74.4 
73.8 

' ' •'-em 

72.1 

71,5 
70.9 
70,3 
69.7 
69.1 

68.5 
67.9 
6 7.3 . 
66.7 
66.1 

65.5 
64.9 
64.3 
63.7 

63.1 

62.5 
61.9 
61.3 
bO. 7 
60. 1 

59.5 
58 .9 
58.3 
5 7.7 
57.2 

56.6 
56.0 

55 . 4. 
54.8 
54.2 

53.6 
33.0 
52.4 
51.8 

51:2 



74.6 


1^.1 


74 .0 


74, 1 


73 -.4 


73,5 


72.8 


72.9 


72.2 


72.3 


71.6 


11. 1 


71,0 


71,1 


70.4 


70 0*5 


:i69.8 


69 .9 


69.2 


69,3 


68 .6 


68 . 7 


68 .0 


68 , i 


67,4 


67,5 


66.8 


66,9 


66 . 2 


66.3 


65 ,6 


65 . 7 


65 .0 


65 . 1 


64 .4 


64 ,5 


63.3 


63,9 


63.2 


63,3 


62 , 6 


62.3 




6 ? 




6 1 6 


60.8 


61.0 


60.2 


60.4. 


SQ 7 




1 








J i 




57.3 


^ 5 7.4 


.56.7 


, J 5 .0 


36 ,1 


56.2 , 


55.5 


55 .6 




55.0 


54.3 


54.4 


53.7 


53.8 


53.1 


53.2 


52.5 


52.6 


51.9 


52.0 


51.3 


5 m 



74.8 
74.2 
73.6 

73.0 i 
72.4 

71.8 
71.2 
70.6 
70.0 
'6t.-4 

68.8 
68.2 

67.6 ■ 
67.0 
66.4 

55.9 
65.3 
64.7 
64.1 
63.5 

62 .9 
62.3 

51.7 j 

61.1 i 
50.5 I 



59.9;! 
59.3 j 
58.7 
58.1 j 
3V.3 I 

55.9 
56.3 
55.7 I 
55.1 I 
5^^. 5 

5 3.9 ! 
53.3 1 
52.7 ] 
52.1 I 
51.5 



^4 51.5J 
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Appendix C, Continued 



Grade P<rint Average Conversion- Chart 2; Math and Science 



Original 
GPA ,0 



GPA 3: Math v 
^St^aitdard Scor e 



GPA 4: Science 
Standard Score 



GPA , 




It 
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Appendix D 



N A HON A I AC A 1)1 MY OF SCItNCES 
iNAIlONAI. RESEARCli COUiNCIL 

.■;f)l (<:>NSTni rH)N AVLNI F. vA As*IINCiTC)N 2S. D ( 

OFFICII OF SCIENTIFIC PERSONNEL 



To the Principal of the High School 
Dear Sir: 

In 1960 the National Acadeity of Sciences — National Research Council conducted' 
a study of the high scbool backgrounds of the people who received third-level 
research degrees (not MD, DDS, or DW) fcom United States universitiefl in 1958. - 
The response to our request for information at that time was almost universal, 
and was deeply appreciated- We are now undertaking a similar study of the 
doctorate graduates of 1959-1962, inclusive. You are to be congratulated on 
having four of your alumni in this group. 

f 

These doctorate-holders are named on the enclosed forms> which list their 
degrees and fields of specialization. We would like to secure, on a confidential 
basis, certain information about thcse^aduates , from your high school records, 
for a research study now under way. %.^^Siiii^iso like to secure aorresponding ' . 
information regarding a classmatt^ of each of these doctorate-holders, selepted . 
as indicated below. 

The person whose record we wish to obtain on the reverse side of the^^aoctorate- 
holder's form is to be the one ALPHABETICALLY NEXT APT:ER the doctorate-holde/. The 
otl^ exception is where the doctorate-holder is himself the last person in the class, 
alphabetically. In this case, the person alphabetically next before him is to be 
chosen. These rules hold evtm where the person so chosen Is himself one of the 
other doctorate-holders. In that case, this factmay be shown as indicated on the 
form. 

In addition to the doctorate-hoiders for the 1959-62 period, our files include 
those who obtained doctorate degrees during 1957 and 1958; if there were any such 
graduates from your school, they are indicated on an enclosed roster. Because of 
oui; interest in the origins of chese p^crple, we should like to have information 
with respect to the coiimunity (the town, city or other political division) in which 
the school Is located, and the school itself, as of the time when these people were 
in attendance. This information if> requested in part on one side of the form, and 
in part on the other side, along with data for the. classmate of the doctorate-holder. 

You may be assured that any information you provide will be kept strict! ' 
confidental and will be used only for atai xstical analyses of groups of pecJple 
and categories of schools. The enclosed reprints indicate some of the uses to 
which we put information provided by our previous study. We hope that these 
reports will be of interest to you. 



Thanks for your cooperation, 

4- 



VeryJtxuly yours. 




Lindsay 
Director of Research 
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Appendix D, Continued 



Notional Academy of Sciences — National Research Council 

OFFICE OF SCIENTIFIC PERSONNEL 

boctorate Data tind High School Backgrounds Form (siDf^ one) 



Or. * 



\ 

y.<*V bom .n trr qr<^duAfed from 

■I'. took ■* bj*.'.hi»tof i d».'cjjtr in 



High School 



and A doctoiaff m 



R«9ardinq »h»i p«rion. wm ihould Dk* to havft the lollbwmq information from his (of har) high school fouo«di, if ovailable: 



sertdl number 



&^AC>£S IN . Ht&H SCHOOL COURSES Not, all thr,« pointi U.low O 

• P^Jit ch«cX tht ■ Ifttft gcddfli tarntd by thli pcnon It num^ritdl 
gfddai «r«f« uitd. i«t numtriCitl tcditi dt tht bo^om oi the pa<)» * 
Othrfwli* ignor* numtric'l ic«lti 

_ • If mo«t th^n ont gr«dt w4i giv«ii fnr jny (ubjtct lltt«d chccl« ( >, I 
onct for t«ch gradt «wAfdtd 

• If dnv courts liitad wui not off«r«d when thit ttud»nt w.n m tchool, 
ch«c« tMi fifit column indicating 
"Courtt No! ^v|iifbif 




FOREIGN LANOl)AGE COURSES 

Gvrmd'ft 

_UtJo 
O'hVr " 
{ip«cify 1 



SOCIAL^-STUOIES COURSES 
Unrf«d Stj*«\ Hitfory 
World' Hittory 



LETTER GRADES | CQURSb CoOiNG 
KOT ' 00 NOT 

Taken ' wRirc 



ACADEMIC RANjK (counting trom tliq fop of the clnv t.y. 5th of 183) 



Thii ttucJant wdi , 



_frorTi ihe ;ap of A lldii of_ 



SCORES ON INTEL'JGENCE TESTS (liit motf recent t«»t fint) 
N«rn« of 

tgit _ 

Odto of 



ttit 

NAmv of 

t^tt 
Date of 

Nume of 

ttit 
Udt* of 

»•'» 



Sco'c 
Of iQ 



or IQ 



Score 
or l<? 



Wlidt kind of «l«rnontdry ichooi d>d thii ttudent ottvnd? 

(c^iwck) _ Public: prlvats. denominattondf; piivdte, 

non-d«nomin4tiondl 



The following auoifioni-^(on both %ide J of thii f orrn ) l^ply 

ichool <ind cornmonlty. and h«nc« to bo'h the dotfofate-hoib*' 

rtrd clAiinidte [is.c othur i«dt>| l. 



Coding 
Column 
Do Not 
Writ* in 
Thit 

Sp4Ct 



QUESTIONS REGARDING THt SCHOOL AND THE COMMUNITY 
(town cty or cth.r political J.viiion) IN WHICH THE SCHOOL | SI 
WAS LOCATED. WHcN THIS STUOENT ORADUATfcO 



Geography , 

Gov't (Prob'>mi of D^mocicy 

C ivic I. e tr ) 
Butineti (iri I Economtci Bjt 

L*w Ac'ouitinq ftc 1 



MATHiiMATiC: COURSES 

■ . 

tl«m«nt«ry Al'jtbrd 

fUne Geometry 

Solid GeortieffY 

Tfiq^nometf r 

IntcrmtdiJt^ Aigrbfj 

College Alt^^br.i 
Other 



I Ai o' +h«t tir 
ono ) 



the ichool could bo 



roursei 'o/ rtH itudenti ,n i 



wi'h ipt' 



b« deicrib&o at (check 

drto'v of I 



itfrndance area 
't' uTi I rial educjtion 



Strictly college prep^f-story, with lulrctivn ad^niii oni requ-ro- 
aiofi*i foi colio^o-boi/nd itudt-nf^ 

Other (ip^cify) 



AI ?K^l ti-nL- Iht parent-. c( the; itwH 
(ch»clt the rxlQ^^ dctcriplivo category.) | 



at fhii ichool wfifc 



SCIENCE COURSES 
<»ener«.' Scitnrn 
liology 
Chemiitry 

(tptcify) 



NUMSRICai. 

scalcs 



.1 . . ) 

A , \ _ c y D r 



of flbovfl-ijveraye ir'„onne for thii connmunily 

of leii thoT j^rraqe incorr.e for thii cori^miinity 

'npieientativtf cf the t*hole c omrr u f»i1y-.; j' 

Wt-re they J mixture of town and lural people from • wide 
qeoijrflphicafOi]7 Yut l^Jo 



utrd .it the time \\\\\ ttudont 



ifi THIS tCJl« ii cloie tr> the njtiottjl everdg* practice in the tt40'v a\ judggd from ,\ ^'e'^out lurvey 
BUREAU OF THE lUPGET NO ^-4 iO^ A PpToY AL ExVlRir*r OcT'm ^ " 




Ease turn the page 
no complete the ques- 
hons on the 0»her side 



ERIC 
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Appendix D, Contliwed 
Doctorate D*ta and Hi^K'^School Backgrounds Form 



AETfiR-IHi- DOCIORATE H^DLR nam on the^,pthcr side of this form, in #. s.me graduaHnq class. If this next per.cv. 

is himself In the doctorate group, check here 'ihd enter his serial number here - 

Name of Classmate: 



R.,,,din, ,hi. p.r.o n. w. ^. ^M, >° h.v^ 'ho .^Howin, info,.,,ticn fro., hi. (orhar) hi^h .chcci .o.cd,. if .vaiLb l o: 

■!■ — ■ I' " '' . . .." ■ . _ I . I .^^rvr-Ljl/^ bAkJb/ J>'^..nt:nn Jynm tha lOD of th« <: 



GRAD« IN - HIGH SCHO0l_COUKSES. Noto Ml thrt* pomti b.low # 
^Tfia^^lli;^^ -'-d by pT.on. If num-ri..! 

« If mof« Ih.T. ore fjrj-i* wji cj;v»n ffif c.jb;c:r -.^ (s ) 

OrtC« for ta^H qr J .J-« jwdfd<»d. 

• If any .our^* (i^t*d nof offertd wh.o >hi. itu dtnt w .„ in ^chool 

ch«ck thli Jifit column indkaflftg 



fNGLlSH COURSES 
Junior 



S«niof 



POREIGN LANGUAGE COURSES 
French 
.Spanish 



LETTER (^.PAO£ 

D 



T-r 



4~ 



NOT I DO NOT 



^»^^;^AJ^iiii^_4>lfiK {<^ountJnq from th« top of th« <:la»v • g. 5th of IM) 



IQ 



5C0;^i:> ON INTELLl^tlNCt TESTS mu^t ruc.rit »4iit fKit). 

Ndme of 

toit 

Djt« of 

t-'.t 

Mdfne of 

toit 

Doto of 

!»it 

M.imp of 

I tea ._ - 

i D.itc of 



Scora 
or IQ_ 



S<:oro 
or IP 



Wbdt kind of «l«rTl(^t*rv kHooI did thii studtnt att.nd? 

(ch,ck) public;, prJvflt.. d*n<^lnatlonjl; pr,vat«, 

~ » non-df nomtfiatiofijl 



Column 
Do Not 
Wril* in 
Th:« 
SpdC* 



-^nC'Al. STUDIES C^MJ^^'.T- 

Ur'ffl': 'itdt-JI rfi*.^-><-v 

Wortd HiitQ'y 

Ocoqr.iphy ^ ^ 

(^^7^^ ( r.obl*rr . of Dpnisfd^v 




SCHOOL AND COMMUNITY DATA, CONTINUED 

Th-. following qii«',tioni. and thoio on the othor iide, *pplv 

fKi, school and community and henc» to both th, doctor*t^-holdT 

md-J'mmfltff. 

J Ho.. Iars« tK- population, .t that time, o^ the corr^munity 

't^v. r. oty. f'^l^ticj; J'vlvon) -in which tk- trliod 

locflt^/j? (chf^ck on«) 



1 oih«i 

' . 



4 If » 



b. 100.000 to 49<? 91?^ 

J 5.000 to 74 

1,000 to 4 V'V? 



W^i it A iubufb of a city o'l 
" 100 000 people ot mo't ? 



No 



U 

J jolid '»«om«trv 
Golltq^ Alqi«b'r. 



^mnutn.iy wfli o* lt.» than 25.000 at th- tifr>« theie 

I 00, ''' ")0 VM r-^O^r ? 



-I (antiT 
, diittfrtcfl 

In m [ I c » ) 



S. Wn^t nerconr.q.. o\ th, t^.cK.^.^ In <gr,di» 7 12 at tha' time 



1. J ''lUv^V 



th,,> h,r,.; 





.- --|...--: -r pv- 

■ ! ! j i 


NUMERICAL 
SCALES 


NATtONAL 


<? ■ 1 til 1 76- 1 b8- 1 » • ' 


LOCAL 


' : i 1 




\ ttm •■■ 1' ' •' »^''' 


0 i.fjcMco ifi »h« i<>-10'. ci- 



r pup.. ^m^i-n<l\'i^.^'Q tbi'. .It 



f iff .ri thu ipjcei brtlc"* 
2 3 



•p.icrs to ttio l#H if onl/ numeric 
r u(<id t*T tha t;m» :hii itudtnt 



PLEASE TURN THE PAGE 
AND COMPLETE THE QUES- 
TIONS ON THE OTHER SIDE 



EKLC 



VliRE/U Of^ THTQUOGkr NO "v^6iO^^Pr f< C v a L EXPIRES I CC? 



7ft 



Appemlix Continued 



22 



ROSTER OF (WADUATfrSj HI TH DOCTORATES 1957-1962 



0012 2i 



HS 



N J 



l^TO UUCTUKATPS 


T K Mr oK A U 


PHD INST. 


FIELD 


YEAR 


'•NK T J 


1 one 


COLUMBIA U. 


ECONOMICS 


1956 


oIKAlK MI HkAN 




CAL TECH 


CHEMISTRY 




IVAN GAHKlkL 


1 dim. "7 


COLUMBIA U 


CHEMISTRY 


1 QS7 




T n T A 1 
1 U 1 AL 


195T--19ti8 DOCTORATES - 3 




l^O/: UULHJKAltp 


TK Ur oKAU 


PHD INST, 


FIELD i 
I 


YEAR 


JUHN HrNKY 


1 v^u 


NEW YORK U 


EDUCATION 


IP6? 




1 Ci'K'X 


U COLORADO 


EDUCATION 


I960 


ILL I AM WRIGHT ' 


1938 


. COLUMBIA U 


PHILOSOPHY 


1959 


ROCCO EUGENE 


1938 


U MARYLAND, 


EDUCATION 


I960 


' ROBERT CHARLES 


. 1938 


TC - CpL U 


EDUCATION 


1962 


:LLIAM HOWARD 


^ .1940 


VANDERBI LT 


ECONOMICS 


1961 


AL ICE FIELD 


] 1942 


NEW SCHOOL 


PSYCHOLOGY 


19^9 


'ILLIAM HOWARD 


1943 


FLA ST U 


EDUCAT ION 


1961 


:;Eralc 


1943 


JOHNS XOPK , 


FOREIGN LANG 


1962 


EF WILLIAM 


1944 


U MICHIGAN 


^.ENGLISH 


1961 


; ACK VINCENT 


1946 


RUTGERS U 


edIication 


1960 


ROBERT MORTON 


1946 


U WISC-MAD 


OCEANOGRAPHY 


1962 


ONALD HENRY 


1948 


ADELPHI C 


PSYCHOLOGY ' 


1959 


PHYLLIS A BENN 


1948 


COLUMBIA U 


ANTHROPOLOGY 


1962 


HARRY 


1948 


TC - COL U 


EDUCATION 


1962 


(ETER RUDOLF 


1950 


PRINCETON 


PHYSICS 


1959 


MARTIN LAWRENC 


1951 


POLY BKLYN 


ENGINEERING 


1961 


IM PETER 


19S2 


' CAL TECH 


BIOLOGY 


f959 


LlBERO MARX 


• 1952 


U VIRGINIA 


HISTORY ' 


1962 


HENRY JOHN 


1953 


RUTGERS U'' 


CHEMISTRY 


1962 



TOTAL 1959-1962 DOCTORATES - 20 
TOTAL 1957-1962 DOCTORATES - 23 



YOUR HIGH SCHOOL RANKS 13 IN YOUR STATE 

AND Is TIED AT TH.AT RANK WITH 3 OTHER SCHOOLS 

AND RANKS 313 IN THE UNITED STATES AND IS TIED 
AT THAT RANK WITH 26 OTHER SCHOOLS* 



(Note: Surnames in the above list have been obliterated to preserve privacy) 



Heninon- 
Nelspn 

KuhVriian- 
Anderson 
Cal.M.M. 



74 
73 
72 
71 
70 



:69 
68 
67 
66 
65 



64 

63 

62 

61^ 

60 



Appendix E 

Standard Score Conversion Chart^or . Standard ^fest IQ's 
Otis 



Standai^ 
' 64rve 

Percent-ile ' SS 




79 . 142-3 


134-5 


138 


149 




138-9 


99.6 


. 163-5 


9,?79 


.9984 


79- 


78 Wl . 


133 




' 147-8 




1.36-7 


99. 5 


161-2 , 


.9971 


.9978 


78 


77 140 


132 


1.35,' - ' 


145-6 




135 


99. 3 


159-60 ' 


.9960 


.9970 


77 


76 138-9 


131 ' 


l>3A-t 


144 




•133-4 


99. 1 


157-8 




;. 9959 


76 


75 137 


130 


1-32-3 


U2-3 




132 


98.8 


155-6. 


'.9930 


.9946 


75 



59 . 

58 

57 

56 

55 
^54 

53 

52 

5L 

50 

49 

48 

47 

46 

45. 

44 

43 

42 

41 

40 

39 

38 
^.37 

36 

35 

34 

33 

32 

31 

30 

79" 



EKLC 



135-6 

134 

133 

131-2 

130 



128-9 

127 

126 

125 

124 



131 

130 

128-9 

127 

126 



140-1 

139 

L37-8 

135.6 

134 



130-1 
128-9 
127 
125-6 

124 ;\ 



98. 5 
98.0 
97:5 
96. 3 
96.0 



150-1 
148-9 
146-7 
144^5 



128-9 

127 

125-6 

124 

L23 



122-3 
121 « 
120 
11'9 
118 



125 
123-4 
122 
121 

119-20 



132-3^ 

130-1 

129 

127-8 

125-6 



122-;3 - 
120-1 

ii9 . 

117-8^ 
116 



95. 0 
94.0 
93.0 
91,.0 
90.0 



141-3 ' 
139-4a 

5.35-6 
133-4 



.9879 
.9845 
/9801 
.974^ 

r5r82- 

.9601 
.95ir^ 
.9401 
.9271 



.9907 73 
.9878 72 
.9844 71^ 
.9800 70 



121-2 

120 

119 

117-8 

116 



114-5 
113' 
112 

110-11 
109 



116-7 
115 
114 
113 
112 



110- msT 

109 
108 
107 
106 



118 

117 

115-6 

114 

113 



124 

122-3 

120-1 

118-9 

117 



114-5 

112-3 

110-11 

109 

108 



88.0 
85.0 
83.0 
80.0 
77.0 



130-2 
12B-.9 
'f26-7 
124- ;5 
.122-3 



.9121 
.8953 
.87^1 
. 8543.. 
.830i 



9747. 69 
9681 68 
, 9600 '^7 
!9510 66 
.9400 65 
.9270 64 
,9120 63 
,8952 62 
.8760 61 
.8542 60 



112 

110-11 
109 
108 
106-7 



116 
114-r> 

1.12-3 
111 

109>-10 



106-7 
104-^5 
103 

aoi-^ 
100 



74. 0 
71.0 
68.^0 
64. '0 
6,0. 



107-8 

106 

105 

103-4 

102 



104- 

103 

102 

101 
100 



105 

104 

102- 

101 

'00 



107-8 

106 

104-5 

102-3 

101 



98-9 
96-7 

93-4 
92 



56. 
52.0 
48. 0 
44.0 
40. 0 



100- 1 
99 
98 
96-7 
95 



98-9 

97 
96 
95 

94 . 



.99 
97-8 
96 
95 

93-4 



93.4 
92 

90-1 
89 

87-8 



92-3 

91 

90 

89 

88 



92 
91 

89-90 

88 
87 



99-100 
97-3' ^ 
96 

94'- 5 

92^.3 

9l" 
89-90 
87-8 
86 

84-5 



90-1 
88*.^ 
87 ' 
85-6 
84 



36.0 
32.0 
28.0 
26.0 
23.0 




,8300 59 
.8047 58 
.7 747 57 

. 7210X 5 

767^8 54 
.6385 ^3 
.6015 52 
;5615 51 
. 5200 50 



.4800 49 
.4385 48 
.3985 47 
.3615 '46 
.3242 45 



82-3. 

80-1, 

79 

77-8 
75-6 



20,0 
17.0 

- 0 . 
12 jo 

loHr* 



86-8 
84-5 
82-3 
BO^l 

78-9 



,2564 
.2254 
. ia54 
. 1701 
. 1459 



.2790 44 
.2563 43 
.2253 42 
.1953 41 
. 1700' 40 



86 

85 

83-4 
82 

81 



86-7 

85 

84 

83 

82 



86 

84-5 
■83 
82 
81 



81 

7 9-80 

77-8 

76 



74 

72-3 
71 

69-70 
67-8 



9,0 
7.0 
6.0 
5.0 
4. (J 



75-7 
73-4 
.7N2 
69*70 
67-8 



.1241 
. 1049 
.0881 
.0731 
.0601 



.1458 39 
. 1240' 38 
.1048 37 
.0880 36 
.0730 35 



79-80 
78 

76-77 
75 

74 



80-81 

79 
78 
77 
76 



79-80 

78 
77 

75-76 
74 



74-7 5 
72-73 
71 

69-70 
67-63 



66 

64-65 
63 

6U62 
59-60 



3. 5 
2^5 
.2.0 
1.5 

1:2 



65-6er 
63-64 
61-fe2 
59-60 
57-58 



,0491 
.0401 
.0320 
.0254 
. 0201 



73 



66 



58 



.9 



55-56 .01 57 



,0600 34 
.0490 33 
.0400 32 
.0319 31 
>0253 30 
.0200 2i9 



/ 



•1* f ^. • t 



- 73 

/ ■ ■■■ 

Appendix F 



Statistical Data o£ the MultiplevOiscViniinant Analyses 
Analyses 1: Five?Gene|^ ^;^ FieTjs . , 



Variable 



GPA I Languages 
GPA 2 Soc. Std. 
GP^r 3 Mat^en^atics 
GPA 4 Science 



Univa r i a te s . 

I Female 



Male 



ifector I 

"m\|1 f 



Scaled Vectors 
Vector II . 



17.22 <.01 
12.62 
31.31 
27.14 



l] 10.06 <.01 
;4.61 " 



4- 



-16.86-10.18 
- 3.90 !- 1.29 
13.19'' 5 .70 



M 



13:20 
2.32 
-0.23 



Ldng. Not Taken** 
S-S. Not Taken 
Math Not Taken 
Science Not Taken 

Intel. Test Score 
Normalized Rank- 
Class Size 
Public vs P.rivate 
D^enom. vs Indep. 



5.64 " 

8.27 • 

36.49 " 

19.47 " 

26.14 " 
22.63 " •' 
1.36 >.05 
5.55 <.01 
2.80 ^03, 



18.67 " 

' \ 

1.48 >.05 
1.53 >.05 
10.60 <.0l 
10. 76 <.01 

16.37'<.01 
13.31 <.0l 
1.41 >.05 
■ 1.71 >.05 
1.14 >. 05 



18.5 7,1 ,10.60^-14.01 



11.25 
-2.48 
-2.60 
-2.86 



M 



Vector II] 

F. 



8,59 
- 213.55 
12.77 



-4.91 
1.6i 
2.01 



4.35 !-l(>-.89 



2.92 -O.lOi -6.70 I -3.89 



7.69 ; 

-14.70 
•11.06 

i 

^0.3? 
2.49. 
1/^3 
-2.08 
2.27 



1.45; -2.53 
-4.88! -1.97 

-7.8 71 6.86 

• i 

7.27^ 15.44 

5.19 4. .79 

1.20 ; v-l;68 
-5 .99 I -7.40 



-1.62 



-4.66 



-3.94' 
5.30 
4.59 

~4T95 
3.18 
0.00 
74 

-4.37 



1 . 19 
2.59 

3.66 i 

.1 

13.10 ' 



-1.17 
1.18 
-0.13 
-2.14 



-7.85 
,,-ife.54 

5.26 
-4.03 

2.23 

— y — : 



4.15 
14.88 
-7.31 
3.11 
6 .'28 



Summary of Information from Ph"ase I 







*\ .. — r- 






Female 






■ Statistic 1 


Root Number . 


III 


IV 

t 


Root Number 

I . -.^II 




IV J 


Xk 


.3257 


, .1486 


.0358 


.0151 


, .2942 


.1115 


.0404 


.0134 


Percent of Trace 


62.03 


J 28 . 29 


6.8 2 


2.87 


• 64.03 


Ik. 11' 


8.79 


2.91 1 


Cumulative 7o Trace* 


62.03 


(90.32 


97.14 


100 


64.03 


88.30 


97.09 


100 


Trace 




^ ..525 








. .459 






^ /Trace 




.725 








-.677 






Canonlcal f R C^Xj ) ' 
i Wilks' A 


- 

.57 


.38 

0.'6246 


.19 


-.12 


.54 

r 


• .33 

0.6594 . 


.20 


.12 


F 




9.46 






I 


4.72 






Degrees of Fir^nedom 


i 
1 


52 and 3,835 




52 


and" 2163. 






r ' ' ' . 




<.O01 






L ^ 


<.001 







ERIC 



81 



Appendix F,.. egp'tijiued 

.... . 

Analysis -2: Five Physical Science Fields 



j 

Variable ' 

1 

CPA 1 Lanfitiiafi^es 


Univariate F 
F P 


I 


Victor I 


Scaled Vectors 
Vector iTt- 




Ve 


t, 


2.48 


<.05 




" - 7.94 


- 4.21 








3.12 » •. 


GPA 2 Soc, Stud. 


1.71 


>.05 




- 5.36 


11.00 






- 


2.97 


GPA 3 Math 


13.68 


<.01 




16.07 


- 2.31 






- 


0.71 


GPA 4. Science 


6.27 


<.01 




3.44 , 


- 3.68 








7.03 




4.74 


<.0-l 




6.11 


4.49 








0.51 


S.S. Not taken 


2.69 


<.05 




2.05 


6.36 








3.15 


Math Not taken 


1.86 


>.05 




0.48 


- 5.82 






- 


3.35 


Science Not tkn 


0.71 


>.05 




0.46 


■ 0.34 




1 




3.01 


TiBst Score 


5.09 • 


<.01 , 




3.87 


i - 0.76 








7.41 


Rank in Class 


4.11 


<.0l . 




0.68 


- 2.48 








2.48 


Class Size 


0.58 


>.05 




- 2.05 • 


- 1.5^ 








1.46 


Public, V3 Private 2.36 


.05 . 




. 5 .52 


- 0-.^^ 








4.65 


Denom, vs Indep . 


3.63 


<.01 






-. 5.63 






5.41 




ktistlc 



Summary of Information from Phaa^ I 

i ■ 



Root Number 
II III 



IV 



Percent of Trace 
Cumulative % Trace 
Trace 
N/rrace 
Canonical 

. Wllkfl' A 
. 'f ' 
Degrees of Freedom 
P 



. 2073 
57.48 
57.48 



46 



.0907 .0448 
25. 14 12,42 
82.62 95.04 

.3606 

.60 

■ .30 .21 
-714 
3.03 
52 and 1,737 

<.ox' 



.0178 
4.95, 
99.99 



.13 



FRir 



8; 



